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TRANSACTIONS 

OF  THE 

AMERICAN  ELECTROCHEMICAL  SOCIETY 


PROCEEDINGS 

CONDENSED  MINUTES  AND  RECORD  OE  THE  THIRTY-EIGHTH  GENERAL 

MEETING  OF  THE  SOCIETY,  HELD  AT  THE  HOTEL  STATLER, 

CLEVELAND,  OHIO,  SEPTEMBER  30,  OCTOBER  1  AND  2, 

1920. 

The  attendance  at  this  meeting  was  105  members  and  80  guests, 
or  a  total  of  185. 

PROCEEDINGS   OF  THURSDAY,  SEPTEMBER  30,  1920 

The  President  of  the  Society  opened  the  meeting  at  9.30  A.  M., 
and  after  a  few  introductory  remarks  proceeded  to  the  presenta- 
tion of  papers.  Papers  by  the  following  were  considered  and  dis- 
cussed: M.  R.  Wolfe  and  V,  de  Wysocki,  A.  M.  Kuhlman  and 
A.  D.  Spillman,  M.  L.  Hartmann,  A.  P.  Sullivan  and  D.  E.  Allen, 
F.  A.  J.  FitzGerald  and  Grant  C.  Moyer,  J.  W.  Richards,  E.  S. 
Bardwell,  J.  Kelleher.  These  papers  are  printed  in  full  in  these 
Transactions. 

The  afternoon  was  devoted  to  visiting  the  following  plants: 
The  United  States  Copper  Products  Co.,  the  Parish-Pool  Co.,  the 
Malleable  Castings  Co.,  the  U.  S.  Electro-Lead  Plating  Co.  and  the 
Hazelett  Storage  Battery  Co. 

At  6.00  P.  M.  the  directors  of  the  Society  met  in  the  rooms  of 
the  Cleveland  Engineering  Society,  top  floor  of  the  Hotel  Statler, 
to  hold  the  regular  Board  meeting. 

At  8.00  P.  M.  a  complimentary  smoker,  tendered  by  the  National 
Carbon  Co.,  was  held  in  the  ball  room  of  the  Hotel  Statler.    High 
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grade  entertainment  features  were  offered  which  made  the  even- 
ing very  enjoyable. 

PRCXZEEDINGS  OF  FRIDAY,  OCTOBER   I 

A  business  session  preceded  the  session  of  reading  papers  in  the 
Physics  Lecture  Room,  Case  School  of  Applied  Science.  It  was 
announced  that  a  referendum  of  the  Society  as  to  making  the 
metric  system  the  exclusive  legal  system  of  weights  and  measures 
of  the  United  States  showed  483  in  favor  to  107  against.  A  major- 
ity of  the  members  present  did  not  favor  increasing  the  annual 
dues  by  $1.50  in  order  that  the  Society  might  join  the  Federated 
Engineering  Societies.  The  discussion  on  this  item  of  business 
follows  herewith : 

W.  S.  Landis:  The  next  matter  of  importance  which  the 
Board  desires  to  present  to  the  membership,  not  for  action  at  this 
time,  but  merely  to  get  some  further  ideas  on  formulating  its  own 
policy  in  respect  to  the  matter,  is  the  question  of  the  American 
Electrochemical  Society  joining  the  Federation  of  American  Engi- 
neering Societies.  I  do  not  know  how  familiar  most  of  you  are 
with  this  federation,  but  Mr.  Parmelee  has  been  quite  active  in  the 
matter,  and  I  am  going  to  ask  him  to  tell  you  what  this  federation 
is  and  how  it  is  made  up.  Then  we  will  give  you  some  further 
information  from  the  Society's  standpoint  of  our  joining  it,  and 
finally  we  shall  open  the  matter  to  general  discussion.  There  will 
be  no  action  taken  at  this  meeting  on  this  matter. 

H.  C.  Parmelee  :  For  a  long  time  men  who  have  been  interested 
in  the  affairs  of  technical  societies  have  been  concerned  as  to  just 
what  the  activities  of  these  various  societies  should  be.  Do  they 
fulfill  their  functions  sufficiently  when  they  hold  meetings  for  the 
discussion  of  technical  papers  and  perhaps  publish  them  and  put 
a  volume  in  the  hands  of  the  members,  or  is  there  not  something 
further  that  a  technical  engineering  society  should  do  ?  .  Has  it 
any  public  relations  ?  Is  it  advisable  to  bring  engineering  opinion 
to  bear  on  public  affairs?  Is  there  any  value  in  having  a  medium 
whereby  the  combined  force  of  engineers  and  technical  men  in 
this  country  can  be  expressed  when  something  comes  up  in  which 
they  would  have  a  vital  interest?  This  question  was  agitated  in 
the  large  engineering  societies  first ;  that  is,  the  American  Insti- 
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tutes  and  Societies  of  Civil.  Electrical,  ]\Iining  and  Mechanical 
Engineers,  and  it  resulted  in  the  appointment  of  a  committee  of 
those  organizations  to  consider  the  aims  and  purposes  and  devel- 
opment of  those  societies  ;  in  other  words,  to  find  out  where  they 
were  going  and  where  they  ought  to  go.  Those  development  com- 
mittees finally  recommended  that  all  the  engineering  societies  should 
get  together  down  in  Washington  and  try  and  organize  some  body 
which  would  enable  engineers  to  express  their  opinion  on  public 
affairs  and  participate  in  public  matters  and  give  the  country  the 
benefit  of  engineering  and  technical  advice  whenever  it  was  in 
need  of  it,  the  idea  being,  as  I  said,  that  there  should  be  some 
medium  whereby  the  thought  of  engineers  on  public  afifairs  should 
be  articulate.  Business  men  are  organized,  lawyers  are  organized, 
the  medical  profession  is  organized ;  is  there  any  reason  for  hav- 
ing the  engineering  and  large  technical  profession  disorganized? 
Consequently,  in  Washington  last  June  there  was  organized  the 
Federated  American  Engineering  Societies.  The  general  scheme 
of  it  is  a  society  of  societies,  not  of  individuals ;  in  other  words, 
this  Society,  the  American  Electrochemical  Society,  can  join  as  an 
individual ;  the  Mining  Engineers,  the  Electricals,  the  Mechanicals 
and  the  Dallas  Technical  Society  and  I  think  the  Cleveland  Engi- 
neering Society  and  some  other  small  societies  around  the  country 
have  already  joined  the  Federated  American  Engineering  Socie- 
ties. The  question  is  whether  the  American  Electrochemical 
Society  wants  to  join  or  not.  If  we  do,  we  will  have  a  delegate  or 
delegates  to  a  governing  body  known  as  the  American  Engineering 
Council.  The  American  Engineering  Council,  in  turn,  would  have 
an  Executive  Committee  which  would  be  the  functioning  body. 
Now,  if  I  had  known  that  there  was  going  to  be  any  attemj^t  to 
make  an  expression  of  the  purposes  of  this  Society,  I  could  have 
brought  along  considerable  literature  to  show  what  it  can  do,  but 
it  is  not  the  purpose  to  make  any  exposition  of  it,  either  favorable 
or  unfavorable,  but  simply  to  tell  you  what  the  scheme  of  organiza- 
tion is  and,  in  general,  its  purpose.  The  purpose  I  will  just  read 
briefly :  "The  objects  of  this  organization  shall  be  to  further  the 
public  welfare  wherever  technical  knowledge  and  engineering 
experience  are  involved,  and  to  consider  and  act  upon  matters  of 
common  concern  to  the  engineering  and  allied  technical  profes- 
sions."   Primarily,  it  is  to  bring  engineering  and  technical  advice 


4  PROCEEDINGS. 

and  opinion  to  bear  on  public  problems.  Now,  as  I  say,  it  is  a 
society  made  up  of  other  societies  The  support  of  the  Federated 
Engineering  Societies  comes  through  dues  of  $1.50  per  member  of 
each  member  society,  and  that  money  will  be  spent  for  the  objects 
as  I  have  just  read  them.  Is  that  sufficient  explanation,  Mr. 
President  ? 

W.  S.  Landis  :  I  think  so.  A  vital  thing  with  respect  to  our  own 
Society  is  the  question  of  finances,  although  there  are  also  ques- 
tions of  policy  involved.  I  am  going  to  ask  our  Secretary  to  give  us 
some  idea  of  the  financial  burden  it  will  place  upon  us  and  our 
ability  to  meet  such  burdens. 

J.  W.  Richards:  The  dues  of  $1.50  per  member,  which  are 
put  on  the  national  societies  which  join  the  Federation,  would 
amount,  in  our  case,  to  about  $3,600  per  year.  Now  we  have 
been  keeping  our  dues  to  the  very  minimum ;  they  are  only  $5.00 
per  year,  that  would  not  enable  us  to  pay  this  $1.50  per  member 
and  come  out  even  at  the  end  of  the  year.  Our  margin  during  the 
last  two  or  three  years  has  been  between  $1,500  and  $2,000  a  year 
excess  of  income  over  expenditures,  but  the  rapidly  rising  cost  of 
printing  has  nearly  cancelled  that  this  year,  so  that  this  year  we 
will  about  break  even;  therefore,  $1.50  per  member  could  only  be 
raised  by  adding  it  to  the  membership  dues.  It  might  be  done 
perhaps  voluntarily  by  asking  people  to  subscribe  and  having  the 
Society  make  up  the  difference  for  those  who  did  not  subscribe, 
but  if  it  were  added  to  the  dues,  it  would  have  to  be  done  by 
amendment  to  the  Constitution.  That  is  the  situation.  I  tried 
hard  to  have  that  amount  placed  at  $1.00  when  the  committee  was 
considering  the  dues  to  be  expected  from  societies,  claiming  that 
there  would  be  more  societies  able  to  afford  $1.00  than  $1.50  per 
member,  and  that  the  total  received  by  the  Federated  Societies 
would  probably  be  the  same,  with  more  people  represented ;  but 
the  large  engineering  societies  decided  that  $1.50  per  member 
would  be  the  amount.  I  should  say  that  almost  everyone  in  the 
Society  would  say  that  we  should  be  members  of  this  Federation, 
but  it  would  mean  an  addition  to  the  dues  of  $1.50  per  member. 
I  do  not  see  any  other  way  of  raising  it,  and  I  think  it  is  important 
that  we  find  out  today  whether  it  is  the  sense  of  the  membership 
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that  we  should  take  a  referendum  of  our  whole  membership  and 
ask  how  many  would  be  favorably  inclined  towards  subscribing 
$1.50  per  year  extra  towards  the  expenses  of  this  Federation. 

W.  S.  Landis  :  The  Society  was  invited  to  appoint  a  committee 
to  attend  this  joint  organizing  conference.  That  committee  was 
made  up  of  Past-President  Bancroft  and  Mr.  Coggeshall.  The 
committee  was  sent  down  to  the  conference  merely  to  sit  in  as 
listeners  and  without  power  to  commit  the  Society  in  any  way. 
They  reported  a  majority  and  minority  report,  if  you  can  consider 
such  a  thing  possible  in  a  committee  of  two,  Dr.  Bancroft  being 
opposed  to  our  entering  the  society,  while  Mr.  Coggeshall  was  at 
least  lukewarmly  in  favor  of  joining,  possibly  a  little  better  than 
that.  I  believe  Dr.  Whitney,  himself  one  of  our  Past-Presidents, 
has  also  written  to  us  stating  that  he  is  not  in  favor  of  the 
Society  joining  the  Federated  Engineering  Societies.  Now  un- 
doubtedly some  of  you  here  have  some  ideas  on  this  subject,  and 
the  Board  is  looking  for  help  and  assistance  in  the  matter,  so  we 
will  open  the  meeting  to  a  brief  general  discussion. 

Carl  Hering:  All  I  would  have  said  has  been  said  already  by 
Dr.  Richards.  It  simply  means  that  we  must  then  raise  our  dues 
$1.50  a  year,  otherwise  we  cannot  possibly  join.  I  think  also  that 
the  electrochemists  are  less  interested  in  the  main  purposes  of  this 
society  than  engineers,  like  the  electrical,  mechanical  and  civil 
engineers ;  the  latter  are  more  directly  interested  in  such  engineer- 
ing projects  as  concern  the  public  welfare  as,  for  instance,  the 
public  utilities.  We  could  not  take  any  action  until  next  spring, 
so  we  would  have  plenty  of  time  to  consider  it.  It  seems  to  me 
that  the  dues  asked  are  very  high  and  that  this  Federation  is  going 
to  have  a  large  amount  of  money  ;  we  would  naturally  like  to  know 
how  they  are  going  to  spend  it.  If  they  are  going  to  spend  it  on 
high  salaries  to  a  few  people,  I  do  not  think  we  ought  to  con- 
tribute so  liberally,  I  have  heard  some  things  about  their  pro- 
posed quarters  in  Washington,  and  it  seems  to  me  they  are  going 
to  spend  money  rather  lavishly. 

W.  S.  Landis:  One  of  the  arguments  which  struck  me  as 
rather  interesting  was  in  reference  to  the  fact  that  the  real  interest 
that  this  Society  would  have  in  the  Federation  would  probably  lie 
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largely  along  the  line  of  advancing  waterpower  legislation.  That 
is  where  we  would  function  most  intimately  with  the  Government. 
The  answer  was  made  that,  acting  through  our  Public  Relations 
Committee,  we  would  probably  be  quite  as  effective  in  Washington, 
if  not  more  so,  than  through  this  Federation.  Of  course,  the 
finality  to  this  is  that  if  each  of  us  individually  went  to  our  near- 
est Representative  we  would  do  a  lot  more  than  any  federated 
association  of  engineering  societies  along  the  line  of  advancing 
legislation  or  assisting  in  Governmental  .work.  I  wish  the  author 
of  those  arguments  were  here  so  that  he  could  give  them  to  us 
first  hand. 


After  the  business  session  Prof.  Dayton  C.  Miller,  Professor 
of  Physics  at  Case  School  of  AppHed  Science,  gave  an  illustrated 
lecture  on  Sound  Phenomena.  Professor  Miller  is  probably  the 
most  prominent  sound  physicist  in  the  country,  and  has  done  an 
enormous  amount  of  valuable  work  in  the  use  of  sound  phenomena 
for  the  location  of  hidden  batteries,  as  well  as  in  the  development 
of  our  must  refined  phonographic  apparatus. 

Papers  by  E.  A.  Keeler,  C.  J.  Rodman  and  Thos.  Spooner,  and 
by  J.  W.  Richards  were  presented  and  discussed.  They  are 
printed  in  full  in  these  Transactions. 

At  11.30  A.  M.  a  complimentary  lunch  was  served  in  the  gym- 
nasium of  Western  Reserve  University. 

The  afternoon  was  devoted  to  an  inspection  trip  to  the  Nela 
Park  Laboratories  of  the  General  Electric  Co.  This  visit  was 
well  planned  and  proved  highly  interesting  to  the  participants. 

In  the  evening  at  7  o'clock  an  informal  subscription  dinner  was 
held  in  the  Ball  Room  of  the  Hotel  Statler.  Dr.  A.  W.  Smith 
acted  as  toastmaster  and  called  upon  the  following  for  speeches : 
Dr.  Chas.  S.  Howe,  Mr.  Walter  S.  Landis,  Mr.  Charles  F.  Brush 
and  Dr.  E.  P.  Hyde. 

PROCEEDINGS  OF  SATURDAY,  OCTOBER  2 

Starting  at  9.30  A.  M.,  the  entire  forenoon  was  taken  up  with 
the  reading  and  discussing  of  papers  by  the  following:    A.  L. 
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Ferguson  and  E.  G.  Sturdevant,  F.  C.  Mathers  and  W.  H.  Bell, 
Edward  F.  Kern,  F.  C.  Mathers,  F.  W.  Skirrow  and  E.  R.  Stein, 
E.  A.  and  L.  T.  Richardson,  Wm.  D.  Richardson.  These  papers, 
together  with  discussions,  are  printed  in  full  in  these  Transactions. 

After  the  reading  of  papers  it  was  announced  that  in  the  after- 
noon visits  would  be  paid  to  the  following  plants:  Western 
Reserve  Chemical  Co.,  the  Ohio  Chemical  Co.  and  the  Guide  Motor 
Lamp  Co.  Mr.  Burwell,  of  the  Western  Reserve  Chemical  Co., 
preparatory  to  visiting  his  plant,  made  the  following  remarks : 

Mr.  Burwell  :    It  has  been  announced  that  the  company  with 
which  I  am  connected  is  making  organic  chemicals  electrolytically. 
That  is  not  quite  true.     We  restore  our  solutions  by  means  of 
electrolytic  processes,  and  then  use  those  solutions  for  the  oxida- 
tion of  organic  bodies  to  whatever  the  result  may  be,  such  as 
benzoic  acid  or  anything  of  that  nature.     This  study  was  begun 
about  three  years  ago,  as  certain  of  us  recognized  that  it  would 
be  necessary,  in  order  to  compete  with  the  Germans,  eventually, 
to  have  at  least  all  the  advantages  they  then  had,  and  among  those 
things  that  we  had  no  knowledge  of  in  this  country,  was  the  reox- 
idation  or  the  conversion  of  chromium  sulphate  to  chromic  acid. 
That  has  been  stated  in  text-books  to  be  a  very  simple  thing. 
Possibly  it  is,  but  we  did  not  find  it  so.     I  think  Perkins  states 
that  the   chromium  sulphate   solutions  are   flowed  through  long 
troughs,  and  when  sufficiently  oxidized,  are  used  over  again.   We 
have  never  been  able  to  sufficiently  oxidize  them  without  the  use 
of  a  diaphragm,  but  we  now  have  a  cell  that  works  well  at  about 
four  volts  and  has  considerable  capacity.     Also  the  finding  of  an 
anode  material  that  would  not  fall  down  was  another  thing  we 
have  done.    We  are  able  to  reconstruct  cells  and  reconvert  chromic 
sulphate  solutions  to  chromic  acid  on  a  commercial  scale.    We  are 
thus  able  to  convert  napthalene  into  phthalic  acid  at  a  cost  of  less 
than  14  cents  per  pound  for  the  product.     We  have  reconverted 
solutions  and  used  them  over  400  times  and  found  no  deterioration 
or  ill  effect  due  to  the  absorption  of  impurities  of  any  kind,  but 
we  have  found  some  rather  curious  things.     I  will  mention  one, 
and  will  say  beforehand  that  I  do  not  know  why  it  occurs.     In 
the  oxidation  of  certain  organic  bodies,  such  as  toluol,  to  benzoic 
acid,  the  reaction  becomes  so  slow  after  a  certain  lapse  of  time. 
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at  the  temperature  it  is  commercially  possible  to  use,  that  you  will 
have  left  a  considerable  amount  of  chromic  acid  still  not  reduced. 
We  find  that  after  one  restoration  (as  we  call  it)  and  one  reoxida- 
tion  of  chromic  solution,  we  can  easily  send  those  solutions  to  "no 
available  oxygen."  That  is  true  with  all  the  organic  bodies  we 
have  used,  and  that  is  rather  important  as,  to  keep  your  sulphuric 
balance  in  the  solution,  you  must  pass  the  solution  first  through  the 
cathode  and  then  through  the  anode  compartment,  and  if  you  had 
to  reduce  and  reoxidize,  you  would  lose  a  large  part  of  your  energy 
efficiency.  The  selection  of  the  concentration  of  the  solution  is  an 
important  item.  Also  we  have  found  that  all  the  products  which 
we  make  by  this  means  are  remarkably  pure,  and  I  think  that  is 
rather  inherent  in  this  form  of  work.  The  older  forms  of  oxida- 
tion of  napthalene  do  not  produce  the  same  purity  of  product. 
We  had  considerable  trouble  in  the  sale  of  our  product  at  first  on 
account  of  its  extreme  purity ;  people  refused  to  use  it  because  they 
said  it  must  contain  a  large  amount  of  impurities  on  account  of 
its  high  melting  point.  Eventually  we  were  able  to  persuade 
customers  that  we  had  the  pure  product,  and  today  we  sell  it  at 
50  percent  to  60  percent  higher  than  the  product  of  any  other 
people,  and  it  is  in  demand  all  the  time ;  we  have  never  been  able 
to  produce  enough  to  fill  our  orders. 

Concluding  the  session,  Dr.  Carl  Hering  presented  the  follow- 
ing Resolution,  which  was  unanimously  adopted: 

RESOLUTION  OF  THANKS 

The  American  Electrochemical  Society,  closing  its  Thirty- 
eighth  Meeting,  in  Cleveland,  wishes  to  place  on  record  its  high 
appreciation  of  the  unselfish  activities  and  spontaneous  hospitality 
of  its  members  and  friends  in  Cleveland,  which  have  resulted  in 
one  of  the  most  enjoyable  and  profitable  meetings  held  by  the 
Society. 

The  hearty  thanks  of  the  Society  are  hereby  tendered  to : 
The  Directors  of  the  Nela  Park  Research  Laboratories,  the 
National  Malleable  Castings  Company,  the  United  States  Copper 
Products  Company,  the  United  States  Electro-Lead  Plating  Com- 
pany, the  Guide  Motor  Lamp  Company,  the  Electric  Steel  and 
Forge  Company,  the  Western  Reserve  Chemical  Company,  the 
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Ohio  Chemical  Company  and  the  Hazelett  Storage  Battery  Com- 
pany for  opening  their  plants  and  laboratories  to  inspection  by  our 
members. 

The  Authorities  of  Case  School  of  Applied  Science,  to  Prof. 
A.  W.  Smith,  and  particularly  Prof.  D.  C.  Miller,  for  the  use  of 
their  building  and  lecture  room  for  holding  a  meeting;  the 
Authorities  of  Western  Reserve  University  for  facilities  for  a 
luncheon  in  their  Gymnasium. 

The  National  Carbon  Company  for  the  very  much  enjoyed 
Smoker  and  Entertainment. 

The  Cleveland  Engineering  Society  for  the  hospitable  welcome 
to  the  use  of  its  rooms,  and  facilities  for  lunching. 

The  Hotel  Statler  for  its  accommodation  for  registration  and 
holding  of  our  scientific  sessions,  and  efficient  service  in  connec- 
tion therewith. 

The  Ladies'  Committee  for  their  kindly  and  friendly  reception 
and  entertainment  of  visiting  ladies. 

And  last  but  not  least,  the  Local  Committee  and  their  many 
co-operating  friends  for  unstinted  devotion  of  time  and  effort  to 
our  comfort  and  the  success  of  the  meeting. 
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ALBRIGHT.  Langdon  (Sept.  26.  '08)  Vice-President,  Lockport  &  Ontario  Power 
Co.,    1612  Marine  Bank   Bldg.,   Buffalo,  N.  Y. ;   res.,    33   Oakland   Place. 
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P.   O.  Box  306.  Colton,   Calif. 
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BARROWS,   Walter   S.    (Apr.    26,    13)    Foreman    Electro-Plater,    Russell    Motor   Car 

Co. ;    mailing   address,   628   Dovercourt   Road.   Toronto,   Ontario,  Canada. 
BARSTOW,  W.   S.    (Apr.   3.  '02)   50  Pine  St.,  New  York  City. 
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way,  New  York  City. 
COLE,    Charles    S.     (Dec.    31,    '15)     Captain,    Ordnance    Dept.,    M.    S.    R.;    mailing 

address,   820  Penobscot  Bldg.,  Detroit,   Mich. 
COLE,    Edward    Robert    (June    25,    '09)    Supt.,    Plants    No.    1    and    No.    2,    Acheson 

Graphite  Co.,   Niagara  Falls,   N.   Y. 
COLE,   Robert  R.    (Feb.   28,  '19)   Asst.   Supt.,   Southern  Manganese   Corp..   Anniston, 

Ala. 
COLE,    W.    C.    (Feb.    28,    '19)    Commercial    Engr.,   Westlnghouse    Elec.    &   Mfg.    Co., 

Tucson,  Ariz. 
COLLETT,   Emll    (Nov.   24,   '11)    9  Lokkeveien,   Krlstiania,   Norway. 
COLLETT,    Ove     (Feb.    23,    '12)    Metallurgical    Eng.,    Munkedamsveien    27",    Kri.s- 

tiania  D,  Norway. 
COLLINS,   Edgar  F.    (Apr.   2,  '19)   Engr.,   General  Elec.   Co.;   mailing  address.   1465 

State  St.,   Schenectady,   N.  Y. 
COLQUHOUN.    James    (July    25,    '19)    Chairman,    The    Caucasus   Copper    Co.,    Ltd.; 

mailing   address,    31    Ferndale,   Tunbridge   Wells,    England. 
COLVOCORESSES,   Geo.   M.    (Dec.   31,  '09)   Gen.   Mgr.,   Consolidated  Arizona  Smelt- 
ing Co.,  Humboldt,  Arizona. 
COMEY,    Arthur   M.    (Apr.    29,    '11)    Director,    Eastern    Laboratory,    E.    I.    du   Pont 

de  Nemours  and  Co.,  Box   424,  Chester,   Pa.:   res.    424   E.   13th  St. 
COMSTOCK,    Chas.    W.     (June    27,    '13)    Consult.    Eng.,    1235    First    National    Bank 

Bldg.,   Denver,   Colo. 
COMSTOCK,    Daniel    F.    (Mar.    27,    '14)    Vice-Pres.,    Kalmus,    Comstock    &   Wescott, 

Inc..    Industrial    Research    Engineers,    110-114    Brookline    Ave.,    Boston,    Mass. 
CONE,   E.  F.    (Jan.   25,   '18)   Associate  Editor,  The  Iron  Age,   239  W.   39th  St.,   New 

York  City. 
CONEY,   A.    E.    (Nov.    28,    '19)    Supt.,    Great   Western   Power   Co.;    mailing   address, 

142  Minna  St.,   San  Francisco,  Calif. 
CONKLIN,   E.   B.    (Oct.    21,   'IG)    Supt.,  Willis   .We.  Plant,   Semet  Solvay   Co.,   Syra- 
cuse,   N.   Y. ;    mailing  address,    1656   W.    Colrin   St. 
CONNELL,    H.    R.     (May    26,    '10)    Allegheny    Steel    Co..    Brackenridge,    Pa.;    res.. 

Tarentum,  Pa. 
CONNER,    Arthur    B.     (Oct.    24,    '19)    Chem.    Engr.,    Detroit    Chem.    Wks. ;    mailing 

address.   2123  W.   Grand  Blvd.,   Detroit,   Mich. 
CONVERSE.    Vernon    G.    (Oct.    29,    '08)    Gen.    Mgr.    and    Chief    Eng.,    The    Ontario 

Power  Co.;   mailing  address.   P.  O.   Box   496,    Niagara  Falls,   N.   Y. 
CONVERSE,   Wm.    A.    (Nov.    27,    '09)    Secretary   and   Chemical      Director,    Dearborn 

Drug  and   Chemical   Co.,    Chicago,    111.;    mailing   address,    4320    Greenwood   Ave. 
COOLBAUGH,   M.    F.    (Apr.    30,   '20)    Chem.    &  Met..   1002    12th  St.,  Golden,  Colo. 
COOLIDGE,   Wm.    D.    (June   27,    '13)    Asst.    Director,    Research   Lab.,    General   Elec- 
tric Co.,   Schenectady,  N.  Y. 
COONEY,   Edwin   R.    (Apr.   28,   '18)    c|o  Mr.   J.    M.   Hodg.skin,    716   Land   Title  Bldg., 

Philadelphia,   Pa. 
COOPER,   H.  C.    (Nov.   26,  '15)   Packer,   Conn. 
COOPER,  K.  F.    (Feb.  27,  '09)  Vice-Pres.,  American  Cyanamid  Co.,   511  Fifth  Ave.. 

New  York  City. 
COPE,   F.   T.    (Jan.   25,  '13)    Engineer,  c|o  Electric  Furnace  Co.,  Alliance,  Ohio. 
CORBIN,  J.  Ross  (May  26,  '10)    257  S.  44th  St.,  Philadelphia,  Pa. 

COREY,  Clarence  R.    (May  23,  '19)  Asst.  Prof,  of  Met.,  Univ.  of  Washington;  mail- 
ing address,  5800   15th  Ave.,   N.   E.,  Seattle,  Washington. 
CORLISS,    Herbert  A.    (Feb.    27,   '20)    502   D   St.,   Grants  Pass,   Oregon. 
CORNING,   C.    R.    (July   21,    '11)    36  Wall   St.,    New   York   City;    res..   Tuxedo   Park, 

N.   Y. 
CORSE,   Wm.    M.    (May   5,   '10)    Gen.   Mgr.,   Monel  Metal   Products   Corp.,   Bayonne, 

N.    J. 
CORSON,   Edward  F.    (Sept.    23,   '19)   Beresford,   Florida. 

COTTRELL,    F.  G.  (Dec.  28,  '12)  Director,  U.    S.  Bureau  of  Mines,  Washington,  D.    C. 
COUSIN,   Jules   (Feb.    28.  '19)   Directeur   General,   Union  Miniere  du   Haut  Katanga, 

Elisabethville,    Congo   Beige,   Afrique,   via   Capetown. 
COWAN,   Robert    (Feb.   22,   '18)    1405   Grove  Ave..    Burlingame,   Calif. 
COWAN,  Wm.  A.    (May   5,  '10)    National  Lead  Co.,   129   York  St.,  Brooklyn,   N.   Y. ; 

res.,   724  Cortelyou  Road. 
COWLES,    Alfred    H.     (Apr.     3,    '02)     The    Electric    Smelting    and    Aluminum    Co., 

Sewaren,  N.  J.;   mailing  address,   P.   O.   Box   84. 
COWLES,   Harry  D.    (Dec.    28,  '12)    ISO   North   19th   St.,   East  Orange,    N.   J. 
COWPER-COLES,    Sherard    (Oct.    10,   '03)    Elec.    Metallurgist,    Russell    House,    Sun- 

Bury-on-Thames,   Middlesex,   England. 
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COWPERTHWAIT.   Arthur   D.    (Aug.    25,   '16)    Scovill    Mfg.    Co.,   Waterbury,    Cortn. 
COX,     G.  E.  (Apr.  3,  '02)  Works  Mgr.,     American  Cyanamid  Co.,     Niagara  Falls,  N.  T. 
cox!   Harold   N.    (Oct.    21,   '16)   4S   Woodland   Ave..   Glen   Ridge,    N.   J. 
COX.   Samuel  F.    (June   1,   '15)    Pittsburgh  Plate   Gla.ss   Co.,   Creighton,   Pa. 
CRABBE,   Arthur   (Nov.   28,   '19)   Supt.,   The  Booth   Elec.  Furnace  Co.;   mailing  ad- 
dress,   3329   Elliott  Ave.,   Berwyn,   111. 
CRABTREE,    Prof.    Fred.    (May  29,   '09)    Prof,   of  Metallurgy   and  Mining,   Carnegie 

Tech.    School;   mailing  address,   6214   Stewart   St.,   Pittsburgh,  Pa. 
CRAFTS,    Walter    N.    (Aug.    25,    'ID    c|o   Canadian    Electric   Steel,    Ltd.,    P.    O.    Box 

336,   Montreal,  Canada. 
CRAM,    Marshall    P.     (May    24,    '18)    Prof,    of   Chem.,    Bowdoin   College,    Brunswick, 

Maine. 
CRAM,   W.   C,   Jr.    (Feb.   28,   '19)    Brunswick,  Me. 
CRANE,    F.    D.     (Oct.     29,    '08)     Research    Chemist,    74    N.    Willow    St.,    Montclair, 

N.    J.;    mailing  address,    28   Hillside  Ave. 
CRANE,    Myrick    (Jan.    30,    '20)    Res.    Chemist,   United   Drug   Co.;    mailing   address, 

11    .\von    Way,    Quincy,    Mass. 
CRANSTON,   John    (Oct.   21,  '16)   Box  95,   Trenton,  Mich. 
CRAWFORD,   Chauncey  A.    (July   27,   '17)    The  International   Nickel   Co.,   Bayonne, 

N.   J. 
CREIGHTON,    Elmer   E.   F.    (Apr.   3,   *02)    Consulting  Eng.    and   Research,    General 

Electric   Co.,    Schenectady,    N.   Y. ;   mailing   address,   27   Wenflell   Ave. 
CREIGHTON.    H.    Jermain     (June    2,    '16)     Asst.    Prof,    of    Chemistry,    Swarthmore 

College,   Swarthmore,   Pa. 
CRITCHETT,    James   H.    (Aug.    22,    '19)    Asst.    Met.,    Union    Carbide    Co.,    Niagara 

Falls,   N.  Y. 
CROCKER.   Jas.   R.    (Feb.   25,  '11)   Chief  Eng.,  Permutit  Co.,   30   East  42d  St.,   New 

York  City;    mailing  address,   202  W.   79th   St. 
CROOKES,   S.    T.    (June   27,   '19)    Const.   Eng.,   Box   721,   Auckland,    New   Zealand. 
CROSBY,    Edwin  L.    (Dec.    28,   '12)    President   and  Gen.    Mgr.,   Detroit   Electric   Fur- 
nace Co.,    642   Book   Bldg.,   Detroit,    Mich. 
CROWTHER.    C.    W.    W.    (Feb.    22,    '18)    Chief   Chem.,    Canada    Carbide    Co.,    Ltd., 

Shawinigan   Falls,   P.   Q..   Canada. 
CULLEN,  Joseph  F.    (Jan.   25,  '18)   Res.   Chem.,  U.   S.   Smelting  Co.,   Midvale,  Utah. 
CUMMINGS,    Wm.    J.    (Dec.    31,    '09)    Chief   Engineer,    E.    I.    du    Pont    Powder    Co., 

Haskell,  N.  J. 
CUMMINS.     Alden    C.     (June     29,    '18)     Electrical    Engineer.     Carnegie    Steel    Co., 

Duquesne,   Pa. 
CUMMINS,    Arthur   B.    (June    29,    '18)    Citrus   Experiment    Station,    Riverside,    Calif. 
CUNNINGHAM,   F.   W.    (Dec.   29,   'ID    Asst.    Product   Eng.,   Edison   Storage   Battery 

Co.,   Orange.   N.   .1.;   mailing  address.   5   Park  Ave.,   Maplewood,   N.   J. 
CURTIS.    Francis  J.    (Nov.    2S,   '19)    Chemist,    The  Merrimac   Chemical   Co.;    mailing 

address,   71    Fayerweather   St.,   Cambridge,    Mass. 
CURTIS,    H.    S.    (April    7,    '20)    Chief   Asst.    c|o    City    Electric    Light   Co.,    Brisbane, 

Queensland,   Australia. 
CURTIS.    Thomas    S.     (Apr.    7.    '20)    Pres.    &    Gen.    Mgr.,    The    Vitrefrax    Co.,    604-S 

Pacific   Electric   Bldg.,    Los  Angeles,    Calif. 
CUSHING,    H.    M.     (May    27,    '14)     Mechanical    Eng.,    Buffalo    General    Elec.     Co., 

Buffalo,    N.    Y.;    mailing   address,    49    Roanoke   Ave. 
CUSHMAN,    Allerton    S.    (July    1,    '07)    The    Inst,    of   Industrial    Research;    mailing 

address,    1S45   B   St.,   N.   W.,   Washington,  Tf.    C. 
CUSHMAN,  O.  E.    (July  27,  '17)   Res.   Chemist,   41   Minna  St.,   San   Francisco,   Calif.; 

mailing   address,    2440    Ellsworth    St.,    Berkeley,    Calif. 
CUTTS,    Verdon    O.    (June    27,    '13)    Electrometallurgist,    Town    Hall    Chambers,    87 

Farpate,   Sheffield,  England. 
CZARNECKI,   F.   C.    (July   25,   '15)    32   Avondale  Road,   Ridgewood,    N.   J. 
DAFT.    Leo    (Mar.    27.    '09)    Consult.    Electrical    Eng.,    849    Jay    St.,    Albany,    N.    Y. 
DAHLGREN,    C.    G.    (July   25.    '19)    Electrician,    Consolidated  M.   &  S.   Co..   mailing 

address,    Sullivan   Mine.    Kimberly     B.    C,    Canada. 
DAILEY,   J.   G.    (June   29,  'IS)    Divisional   Supt.,    Calco  Chemical   Co.,   Bound  Brook, 

N.   J.;   mniling  address.   River  Road,   Bound  Brook,   R,   F.   D.    1,   N.  J. 
DALBURG,    F.    A.    (May   29,    '09)    c|o   West    India    Oil    Co.,    Apartado    185,    Caracas, 

Venezuela.   .S.   A. 
DALMEIDA,    John   A.    (Dec.    30,   '16)    Cerro   de    Pasco    Copper    Corp.,    Oroxa,    Peru, 

S.   A. 
DALTON,    N.    N.    (July   26.   'IS)    Vice-Pres.,   Peet   Bros.    Mfg.    Co..    15th    and   Kansas 

Ave..  Kansas  City,  Mo. 
DALTON,  Walter  (Feb.  28,  '19)     Consulting  Engr.,  2139  N.  Tiber  St.,   Philadelphia,  Pa. 
DANA.   Alan   S.    CApr.    2,   '19)    Research   Eng.,   Kerite   Insulated   Wire   &   Cable  Co., 

Seymour,  Conn. 
DANSE.   L.   A.    (May   21,   '20)    Metallurgist,   Cadillac  Motor  Car  Co.,   Detroit.   Mich. 
DANTSIZEN,    Christian    (Apr.    26,    '17)    Chemist,    Research   Lab.,    General    Electric 

Co.,  Schenectady,  N.  Y. 
DARLING.  Elton  R.    (Jan.  30,  '20)   James  Milliken  University,  Decatur.  111. 
DARLINGTON,    Homer  T.    (Oct.   26,  '17)    Metallurgical   and   Chemical   Eng.,    Penna. 

Salt  Mfg.  Co.,  Natrona,  Pa. 
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DARRIN,    Marc     (Nov.     23.     '17)     Manager.     Koppers    Products    Co..     Chamber    of 
DAV?D™sSN"T.^R."-(S^el\^^'^7''.^'i6T'Director.    The    Thos.    Davidson    Mf..    Co.,    Ltd.. 

p    O.  Box  700,  Montreal,   Canada. 
^il\l-  ^Pr^nK^r^a'iay^:^,  'Y^)  ^rA.an^Vo^odTrr^  °St'e°e.  Co.,  ConshohocKen,    Pa. 
SaVIS-    Geo     S     (Feb     2S,    -lO)    President,    Wireless    Specialty    Apparatus    Co.,    131 

DAvTs^Hugh  N°1sept''2?:--l.n   Supt.,  KeoUuk  Electro  Metals  Co.;  mailing  address. 
r^J^.  ^o^^::  fr^%"eb.^?7^%9)    305   Highland  Ave..   Jen.intown.   Pa. 
Sl^TSON    t-e^ge*'l!'-(Feb:^V2.'''m    G^eneral    Mgr..    Southern    Kerro-AHoys    Co., 
21st   and   Chestnut   Sts      Chattanooga    Tenn.  ^^^^^^^  ^^^.^^^_  ^^^^^.^ 

DAWSON,   Frederick  G.    *J''"\,f-     ";''', ^"^'^'',6   Woodrow  Ave.,   Detroit,   Mich. 
nA^'r'f  (J™n  ^1°9)'^:  s."Vor  hport   Smern°g'&   Ref.   Co.,   Wallace,    Idaho. 
SeI'cON     Ralph    wV    aily    5.    '10)    Works    Manager.    U.    S.    Metals    Refinmg    Co.. 

DEAG''LrLlo''yd"'M.    (Oct.   21,  '16)   Electrician,  Cataract  Electric  Co.,   Ltd.,  Orange- 
DEAKm.'^GeramTApn    2...    'IS)    Chief    Eng.,    Bell    Telephone    Mfg.    Co.,    18,    Rue 
DE  IeErI?' f!   M^TmI";  2^ '^oTpres.   and   Gen.   Mgr..    Swenson   Evaporator   Co.. 
945   Monadnock  Bldg.,   Chicago,   111.  Heftyes  Gate,  Kristiania.  Norway. 

SrFmE^.'^'^e^n^y^.r.^MTy^^,  •2J/Vfce^p^^^^^^  &  Hansell,   Inc.,   7   May- 

T.T.  rFFR''aera?d''Sr'^'7'''2S  Superintendent  at  Domnarvets  Iron  Wks^:  mailing 
""^  aSs,c|oAm^r^car;" Scandinavian  Foundation.   25  West   45th   St.,   New   York 

DE    GEOFROY.    Antoine    (Jan.    25.    '13)    rue    du    Bouquet   de    Long    Champ,    Paris, 

De  (TlOVELLINA,   E.   Colonna   (Nov.   30,   '18)    Chief  Chem.    Whalen   P^^P  f  f/JP^'- 

M11I«     Ltd  •    mailing    address.    General   Delivery.    Vancouver.    B.    C..    Canada. 
DE   LANDER6:    CarlosV    (Jan.    25.   '18)    Mining  Eng..    1st  Alamo   4.   Mexico  City, 

DE   MBDEIROS,  Trajano    (Jan.    29.  '10)   Rua  da  Sao   Jose  No.   76,   Rio  de   Janeiro, 
DE    mTlAN,    Alex    (Dec.    27.    '18)    Cuba    Sugar    Corp..    Ediftcio    Barrazue.    Havana, 

riiha-    mailing   address,    Apartado    1270.   Havana.    Cuba.  ,,   ,     , 

DEMMLER     A    W.    (Feb.    1.   '19)    do   Sverige   Amerika   Slifteken,    Malmtorgsgatan 

DFMORESt'' d"^'  TllTk,  '16)   Prof,  of  Met.,  Ohio  State  Univ..  Columbus    Ohio. 
SenGlIrF     Peter    (Aug     24.    '18)    Director    of    Research,    190    North    State    St., 

T^T=>^?T?Tc^^r'   r''   riiine    '^7     -19)    Mining   Engr.,    Mercury    Mfg.    Co.,    Crocker    Bldg., 
"^      San  Fiancisco    calif",   'mailing  add^ress,  ^700   The  Alameda,   Berkeley,   Calif. 
DENms     Robert    E.     (Feb.    27.    '20)    Elec,    Engr.,    Westchester    Lighting    Co..    Mt. 

DEPPE"wm^"R'(D'ec.    30.   '16)    Pres.,    Deppe    Motors   Corp.;    mailing   address.    127 

DE  S^riER  D''rp7N,""R^nl''(May  23.  '19)   Cons.  Engr.,  69  Rue  de  la  Faisanderls. 

-nv^r^n     a.^re'e  o""   (Oct.   24.  '13)   Columbia  Gardens,  Butte,  Mont. 
DE   SdS     Edgird    (DOC    31,   '09)    Chief  Electrical    Eng.,    The   S.   Paulo   Tramway 
Light    and    lower   Co.,    Ltd.,    Sao    Paulo.    Brazil;    mailing    address,    Caixa    162, 

DEUCHLER:  SpG.    (May  21,  '20)  Aluminum  Ore  Co.,  E.  St.  Louis,  111. ;  mailing 

DEV^EREUX,^wl..hl'ngttm''?Jan.    6,   '06)   Inspector,   Phila.   Fire  Underwriters  Asso.; 

mailing-   address,    1625   N.   29th    St.,    Philadelphia,   Pa. 
DE^^RS     PhUip   K  ,   Jr.    (Jan.    27,   '12)    Research    Eng.,    General  Electric  Co.,   West 

Lynn'    Mass.;   mailing  address,   6   Pierce  Road,   Lynn,   Mass. 
DEVORKEN,    Harry    (Jan.    30,   '20)    Chem.   Eng.,   Chinese   Chemical   Exchange,    2-.j 

Fifth  Ave.,  New  Yok  City.  ^    ^.      ^       ^  i^         ht„   = 

DEWEY,   Bradley    (Jan.   28,   '11)    29   Raymond   St.,    Cambridge     Mass. 
DEWEY     Edwin   S.    (Dec.   26,  '13)    c|o  Vulcan   Detinning   Co.,   Streator,   III. 
DEWEY,   Frederic  P.    (Apr.   2.   '04)   Assayer.   Mint   Bureau,    Treasury  Dept..   \\  ash- 

DIAZ-OSSA,°'p?of.    Belisario    (June    25,    '09)    Prof,    of    Technology,    Univ.    of    Chile: 

mailing  address,   Casilla  No.   962,   Santiago,   Chile,   S.   A. 
DIETRISHSON,  J.   Gerhard    (Dec.   30,  '17)   Chemistry   Bldg.,  Univ.  of  III.,   Uibana, 

DIMOCK,  Weston  P.    (Jan.   30,  '20)  Student,   144   Cherry  St.,   Elizabeth,  N.   J. 
DISARIO,   John   (Feb.   27,  '20)    Chemist-Metallurgist,   Joliette   Castings  &  f  orgings, 
Ltd.,   Joliette,  P.   Q.,  Canada. 
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DITTMAR,    Carl     (June    2.    '16)     Sales    Mgr.,    Electroplating    Dept.,    Roessler    and 

Hasslacher    Chem.    Co.;    mailing    address.    2212    Union    Central    Bldg..    Cincin- 
nati, Ohio. 
DODGE.   Owen   (Nov.   28,   '19)    2219   N.   Nevada  Ave.,   Colorado  Springs,   Colo. 
DODSON,    Fred.    W.    (July    27,    '17)    1339   Montague    St.,    N.    W..    Washington,    D.    C. 
DOERFLINGER,   Wm.    P.    (July   3,   '02)    Perry  Austen   Mfg.   Co.,   Grasmere,    Staten 

Island,  New  York  City. 
DOERCHUK,   Victor  C.    (Apr.   29.   'ID   Massena.   N.   T. 
DOLMAN,    C.    D.    (Dec.    27,    'IS)    Chief   Chem.,    Northwest   Magnesite    Co.;    mailing 

addres.i.   Box   274,    Chewelah,   Washington. 
DONY-HENAULT,  Prof.   O.   (Feb.  27,  '14)   40,  Avenue  de  Bertaimont,  Ay'Ecole  des 

Mines,  Mons,  Belgium. 
DOOLITTLE,   Clarence   E.    (May   9,  '03)    Consult.   Hyd.    &  Elec.   Eng.,   V.  Pres.   and 

Gen.   Mgr.,   The  Roaring  Fork  Electric  Light   and  Power  Co.,   Aspen,   Colo. 
DOREMUS.   Dr.   Chas.    A.    (Apr.   3,   '02)    Consulting   Chem.,    229   East   68th   St.,    New 

York  City. 
DORR,   John   Van   N.    (Nov.   28,   '13)    Metallurgical   and   Chemical   Engr.,   The  Dorr 

Co.,   161   Park  Ave.,  New  York  City. 
DORSAM,   Wm.    Christian    (Feb.    27,   '20)    1853    Madison    St.,   Brooklyn,    N.    Y. 
DOTY,  Ernest  L.    (Sept.  26,  '08)  Dist.  Eng.,  Western  Elec.   &  Mfg.  Co.,   263  Baynes 

St.,   Buffalo,  N.  Y. ;   res.,   546   Potomac  Ave. 
DOUGHERTY.  John  W.    (Feb.   27,   '09)    307   Third   St.,   Beaver,   Pa. 
DOUGLASS,    W.   A.    (Jan.    30,    '20)    Research  Chem.,    E.    I.   du  Pont  de  Nemours   & 

Co.;    mailing  address.   P.    O.   Box    525,   Wilmington,   Del. 
DOW,   Herbert  H.    (Apr.   3,  '02)   Midland,   Mich. 
DOW.   J.   C.    (May  21,  '20)   Operating  Engr.,   The  Montana  Power  Co.,   Great  Falls, 

Mont. 
DOWNES,   A.   C.    (July   30,  '09)    Asst.   Supt.,   Fostoria  Works,   National   Carbon   Co., 

Inc.,  Fostoria,   Ohio. 
UOWNS,  J.   C.    (May   21.  '20)   460   Eleventh   St..   Niagara  Falls.   N.   Y. 
DOYER.   Huibert    (July   25.  '19)   Cons.  Elec.  Engr..   31   Surinamestraae.  The   Hague. 

Netherlands. 
DOYLE.   Henry   L.    (Oct.   23,   '14)    104   Fourth   Ave.,    Niagara  Falls,   Ont.,   Canada. 
DRABELLE.    J.    M.    (Feb.    28.    '19)    Mechanical    &   Elec.    Eng.,    Iowa   Railway    and 

Light  Co..  Cedar  Rapids.  Iowa. 
DRAKE,    Bryant    S.    (Feb.    24.    '17)    Chemical    Eng..    Bethlehem    Shipbuilding   Co., 

San  Francisco.   Calif.;   mailing  address,   5830   Colby   St..   Oakland,   Calif. 
DREFAHL..    L.   C.    (Oct.   22.   '15)    Res.    Chemist.   Grasselli   Chemical   Co..   Cleveland. 

Ohio;   mailing   address.    15503   Clifton   Blvd..   Lakewood.   Ohio. 
DRESSEL.    Gerhard   C.    (Jan.    30.   '20)    674   Diversey    Pkwy.,    Chicago,   111. 
DREYFUS.    Dr.    Wm.    (Dec.    4.    '02)    Chem.    &    Mgr.,    West   Disinfecting    Co..    57    E. 

96th  St..  New  York  City. 
DRINKER.    Philip    H.    (Jan.    26.    '17)    Harvard    University    Medical    School.    Dept. 

of  Applied  Physiology.  Boston.   Mass. 
DRIVER.  Wilbur  B.   (Aug.  25,  '16)   Palmer  House.  East  Orange,  N.  J. 
DUCE.    James   T.    (July   25.   '19)    Geologist.   c|o    South  American   Dept..   The   Texas 

Co..   17   Battery  Place.   New  York  City. 
DUDLEY,  Boyd.  Jr.    (Nov.  28,  '13)   c|o  Watervliet  Arsenal,  Watervliet,  N.   Y. 
DU    FAUR.     J.     B.     (June     1.    '07)     Mammoth     Molybdenite    Mine,    Yethlome.    Via 

Bathurst.    New    South   Wales. 
DUNCAN,   Thomas   (Nov.   6.  '03)   Lafayette,  Ind. 
DUNLAP,  Orrin  E.   (July  31,  '08)   Secretary.  Acheson  Graphite  Co..   Niagara  Palls. 

N.  Y. 
DUNLAP.    Theodore    E.    (July    26,    '18)    Prof,    of    Chem.,    College    of   Puget    Sound, 

Tacoma,  Washington. 
DUNN,   H.   Earl    (Dec.   28,  '17)   Chem.   Engr.,   Vanadium  Corp.  of  America,   Bridge- 

ville.   Pa.;   mailing  address,   40   N.   Emily   St.,   Grafton   Sta.,   Pittsburgh,   Pa. 
DUNN,  J.   J.    (Feb.   25,   '11)   National  Tube  Co.,    Ellwood  City,   Pa. 
DUNNINGTON,   Prof.    F.    P.    (Apr.   6,    '11)   University   of  Virginia,   University,  Va. 
DTJ    PONT.    Irenee     (Apr.    24.    '09)     V.     Pres.,    E.     I.    du    Pont    de    Nemours    &    Co., 

Wilmington,  Del. 
DU  PONT.    Lammot    (May    24,   '18)    Vlce-Pres.,    E.    I.    du   Pont   de    Nemours   &   Co.. 

P.   O.    Box   303.   Wilmington,   Del. 
DU    PONT.     I'ierre    S.     (Jan.    29.    '09)     Treas..    E.    I.    du    Pont    de    Nemours    &    Co.. 

Wilmington,  Del. 
DURKEE.    Frank    W.     (May    23,    '19)    Prof,    of    Chemistry,    Tufts    College;    mailing 

address,  Box  2,   Tufts  College.  Mass. 
DUSHMAN,    Saul    (June   25,   '09)    Res.    Laboratory.    General    Electric   Co.,    Schenec- 
tady, N.  Y. 
DUTTON,  Clarence  B.    (Feb.   27.  '20)   Alpena,   Mich. 
DUTTON,    W.    C.     (May    24,    'IS)    Vice-Pres.    &    Mgr.,    New    York    Office,    Tolhurst 

Machine  Works,   111   Broadway,   New  York  City. 
DUURLOO.   F.    (Oct.    21.  '16)    Asst.   Secy..   W.   R.    Grace   &   Co..    New   York;    mailing 

address,  131  Caryl  Ave.,  Yonkers.  N.  Y. 
DUVAL  D' ADRIAN,   A.    L.    (Oct.    26,  '17)    Washington.   Pa. 
DRYSSEN,    Vfaklemar     (Jan.    23,    '14)     Metallurgist.     U.     S.     Steel    Corporation,     71 

Broadway.   New  York  City. 
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EAGLE,  Henry  T.   (Nov.  30,  '12)  Room  1227,  42  Broadway,  New  York  City. 
EAKIN.   Charles  T.    (Dec.    28,   '17)    Electric   Alloy    Steel    Co.;    mailing   address,    305 

Lincoln   Ave.,   Charlerol,   Pa. 
EARDLEY-WILMOT,  T.   (Apr.  2,  '19)   Cable  Engr.,  The   Northern  Elec.   Co.;  mail- 
ing address,  Apt.    F,   979   Tupper  St..    Montreal,   P.   Q.,   Canada. 
EASTMAN,   H.  M.    (Feb.  25,  '16)   U.  S.   Gas  Plant  Nos.   1  and  2,  c|o  Lone  Star  Gas 

Co.,    Fort   Worth,   Texas. 
EATON,    Lrving   C.    (June   30,   '17)    Magnolia   Ave.,    Magnolia,   Mass. 
EBERWEIN.    Samuel   J.    (May   25,   '17)    164   E.   High   St.,   Salem,  Ohio. 
ECKLEMANN,   Lui.s   E.    (Oct.   24,  "19)    Chem.    Engr.,   Pyrene   Mfg.    Co.;   mailing   ad- 

dre.ss.    3  67  5    Broadway,    New    York   City. 
ECKER,   Howard,  Jr.    (Oct.   21,  "16)    3115   Woodburn  Ave.,  Cincinnati,   Ohio. 
EDE,    Joseph    Anvvyl    (Oct.    29,   '10)    Manager,   Mining    Dept.,    111.   Zinc   Corp.,    Peru, 

111.:    mailing    address.    La   Salle,    111. 
EDGEBERG,    Birger    (Dec.    26,   '19)    Metallographist.   Stavanger   Electro    Staalverk; 
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HANDY,    Bryan   H.    (June  29,   '18)    Chemist,   The   Solvay   Process   Co.,    128   Dewitt 

St.,    Syracuse,   N.   Y. 
H.\NKS,   Albot   A.    (July  27,  '17)    Employing  Chem.   &   Met.,    624    Sacramento   St., 

San   Francisco,   Calif. 
HANSCOM,  W.  W.   (May  27,  '11)   Consulting  Electrical  Eng.,  848  Clayton  St.,  San 

Francisco,   Calif. 
HANSELL,  N.  V.    (Dec.   26,  '19)   Pres.,  Hamilton  &  Hansell,   Inc.,  Park  Row  Bldg.. 

New  York  City. 
HANSEN,   C.   A.    (May  6,  '05)   c|o   P.   &  M.   Dept.,   General   Electric   Co.,   Schenec- 
tady,  N.  Y. 
HANSSON,   Axel    S.    (April   7,   '20)    Electrical   Engineer,    Schneider   &    Co.;    mailing 

address,    42   rue  D'Anjou,   Paris    8,   France. 
HARDCASTLE,   Yellott   F.    (Oct.    22,   '15)    Supt.,   Penna.   Salt   Mfg.   Co.,   Wyandotte, 

Mich. 
HARDfiN,   Johannes   (Apr.    25,   '19)    Consult.   Metal   Engr.,    Messrs.    Tillberg   &   Co.; 

mailing   address,   Herserud,   Lidingoen,   Stockholm,    Sweden. 
H.A.RDIE,    Charles    G.    (Nov.    26,    '15)    c|o    Oldbury    Electrochemical    Co.,    Niagara 

Falls,   N.   Y. 
HARIG.   Fred.   C.    (July  27,  '17)    271   Field  Ave.,   Detroit,  Mich. 
HARKIXS,    W.    D.    (Oct.    24,    '19)    Prof,    of    Physical    Chemistry;    mailing   address, 

Kent  Cheinical  Lab.,  University  of  Chicago,   Chicago,   111. 
HARKNESS,  Wm.   E.    (Sept.   23,   '19)    130  East  19th  St.,   Brooklyn,   N.  Y. 
HARPER,   John   L.    (Apr.   6,   '07)    Vice-Pres.   &   Chief   Eng.,   Niagara  Falls   Power 

Co.,   Niagara  Falls,   N.  Y. 
HARRINGTON,   R.    F.    (June   27,    '19)   Met.,   Hunt   Spiller  Mfg.    Corp.;   mailing  ad- 
dress,  383    Dorchester  Ave.,    Boston.    Mass. 
HARRINGTON,  R.   M.    (May   23,  '19)   Chem.   in   Research  DIv.,   National  Aniline   & 

Chem.   Co.,    595   Ashland  Ave.,  Buffalo,   N.   Y. 
H.^RRIS,    James   R.    (Oct.   25,   '18)    Chief  Chem.,    Tenn.    Coal,    Iron  and  R.    R.    Co.; 

mailing    address,    1230    S.    17th    St.,    Birmingham,    Ala. 
HARRIS,    Jonathan    W.    (Sept.    26,    '08)    Res.    Chemist,    Western    Electric    Co.,    463 

West  St.,   New  York  City;    res.,   235   State  St.,  Hackensack,   N.   J. 
HARRIS,    Louis    (Apr.    30,    '20)    Student,    Mass.    Inst,    of    Tech.;    mailing   address, 

36    Howard   St.,    New   London,    Conn. 
HARRIS,  William  E.    (Feb.  27,  '20)    The  Rhodlslan  Broken  Hill  Development  Co., 

Ltd.,    Broken  Hill,    Northern   Rhodisian,    So.    Africa. 
HARRISON,    Allen    (.\pril    7,    '20)    Chemist,    Messrs.    Pilkington    Bros.,    Ltd.,    Glass 

Mfg.;   mailing  address,    124    Prescot    Road,    St.    Helens,    Lancashire,    England. 
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HARRISON,  V7m.  E.    (Sept.   23,  '19)    Engineer,  Westinghouse   Electric  &   Mfg.   Co., 

Widener  Bldg.,    Philadelphia,   Pa. 
HART.   Dr.   Edward.   Ph.D.   (Aug.   7,  '02)   Prof,  of  Chemical  Engineering.   Lafayett* 

College,    Easton,    Pa. 
HART,    Leon   O.    (Nov.   27,  '09)    2d   Vlce-Pres.,  Driver   Harris  Co.,    Harrison,   N.   J.; 

mailing   addre.ss,   P.    O.    Box   206,    Newark,    N.   J. 
HARTER,     Wickham     (Apr.     2S,    '18)     Sales    Mgr.,    Pyro-electric    Instrument    Co.; 

mailing   address,   72S    Riverside    Ave.,    Trenton,    N.   J. 
HARTLEY.  Robert  H.   (Dec.   27,  '07)   Chemist,   Hartley  Bldg.,   4th  Ave.   and  Smith-. 

field    St.,   Pittsburgh,    Pa. 
HARTMANN,  M.  L.   (Sept.  30,  'IS)  Director,  Research  Lab.,  The  Carborundum  Co.; 

mailing   address,   3006    McKoon   Ave..    Niagaia    Falls    N.    Y. 
HARTY,   W.   A.    (Jan.   30,  '20)    Vice-Pres.   &  Gen.   Mgr.,  do   The  Exolon   Co.,  Bias- 
dell.   N.   Y. 
HARVEY,  Frederic  A.  (Apr.  22,  '15)  c|o  Mt.  Union  Refractories  Co.,   Mt.  Union  Pa. 
HARVEY.    Wm.    G.    (Apr.    30,   '20)    Supt.    &   Met.,   c|o  American   Magnesium    Corp., 

Niagara   Falls,    N.   Y. 
HARZA,    L.    F.    (Apr.    25,   '19)    Eng.,   J.    O.    Heyworth   Contractor,    325    E.    Portage 

Ave.,  Sault  Ste.   Marie,  Mich. 
HASKINS,    F.    D.     (Apr.    2S.    '18)    Asst.    Prof.,    Mercier    College;    mailing    address, 

501    E.   Napier  Ave.,    Macon,   Ga. 
HASLWANTER.   Charles   (Apr.   3,   '02)    447   Spruce  St..   Richmond  Hill,   L.   I.,   N.  T. 
HASSLACHER,    Jacob    (Nov.    26,    '07)    Pres.,    Roessler  and    Hasslacher   Chem.   Co., 

Box    360.   Cleveland,    Ohio. 
HATCH.  Israel    (Oct.   28,  '09)   Asst.   Supt.,  Elgin  National  Watch  Co.,   Elgin,  111. 
HAT7.EL.  J.  C.    (Apr.  3,  '02)   Pres.,   Hatzel  &  Buehler,  Inc.,  373  Fourth  Ave.,   New 

York  City. 
HAUMAN.    Earl    L.    (Feb.    1,    "19)    Research    Electrochemist,    Norton    Co.;    mailing 

address.    University   Club.   Niagara   Falls,    N.   Y. 
HAVILL.  Owen  A.   (Apr.  2,  '19)  Engineer,  Room  1900,  42  Broadway,  New  Yorlt  City. 
HAWKINS,    Laurence    Ashley    (Apr.    27,   '12)    Elec.    Eng..    Research    Lab.,    General 

Electric   Co..    Schenectady,    N.    Y. 
HAYES.  Junius  J.    (Sept.   27,   '16)   Principal   of  Kane  County   High  School;   mailing 

address,    Pleasant   Grove,    Utah   Co.,   Utah. 
HAYNES.  Justin  H.   (Mar.  24,  '16)   1526   Madison  St.,  Denver  Colo. 
HAYWARD.    R.    F.    (Jan.    29,    '10)    General    Mgr.,    Chilean    Railway    &    Light    Co., 

Santiago,    Chile. 
HAZELETT,    C.    W.    (May    2,    '17)    Storage    Battery    Eng.,    National    Carbon    Co.; 

mailing  address,   12816   Franklin   Ave.,   Lakewood,   Ohio. 
HAZELTINE,    L.    A.    (Apr.    25,    '19)    Prof,    of    Elec.    Eng.    Stevens   Inst,    of    Tech.; 

mailing  address,    1024   Hudson   St.,   Hoboken,   N.   J. 
HEATH.    Roy   P.,   D.Sc.    (Oct.   21,  '16)    Chemist.   P.    O.   Box    270,   Billings,   Montana. 
HECKER,   Chas.    (Dec.   26,  '19)    Res.   Engr.,  Westinghouse  Elec.   &  Mfg.  Co.;   mail- 
ing address,    405   East   End    Ave.,    Pittsburgh.   Pa. 
HEDALEN,    John     (Aug.    24,    '18)    Supt.    of    Electrolytic    Bleach    Plants;    mailing 

address,   Riordon   Pulp  &   Paper  Co.,  Merritton.   Ontario,   Canada. 
HEDDEN,   Stanley    E.    (Feb.    24,    '17)    Foreman    Electroplater   &   Chem.,    Enameled 

Metals  Co.;   mailing  address,   216   Fifth   St.,   Aspinwall,   Pa. 
HEDLUND,   Marten    (Apr.    1.  '05)    Managing   Diiector,   Gullspangs   Elektrokemlska 

Aktiebolag;    mailing    address,    Gullspang.    Sweden., 
HED'STROM,    E.    S.    (Jan.    26,    '17)    Elec.    Eng.,    Turnbull    Elevator   Co.,    Toronto, 

Ont..  Canada;   mailing  address,   36  Rose  Ave. 
HEISIG,    G.   B.    (May    24,   '18)    Graduate   College,    Princeton   University,    Princeton, 

N.    J. 
HELFRECHT,  A.  J.   (Mar.   24.  '16)   1011  Ea.^t  Washington  Ave.,   Madison,  Wis. 
HELSETH.    Sigurd   T.    (Feb.    27,    '20)    Chem.    Eng.,    The    Fiberloid   Corp.;    mailing 

address,   65   Colonial   Ave.,   Springfield,   Mass. 
HEMINGWAY,   Frank   (Nov.    26.   '07)    Manager,    Development  Dept.,   The    Sherwin- 
Williams  Co..  601   Canal   Road,   N.  W.,  Cleveland,  Ohio. 
HENDERSON,    C.    T.     (Mar.    24,    '16)    cjo    Great    Western    Electrochemical    Co.,    9 

Main    St..    San    Francisco,   Calif. 
HENDERSON,     John     Brownlee     (Dec.     26,    '13)     Government    Analyst,     Brisbane, 

Queensland,  Australia. 
HENDRIE.    Geo.    A.    (Nov.    27,   '14)    clo    American   Cyanamid   Co.,    511    Fifth    Ave., 

New   York   City. 
HENDRY.   W.   Ferris   (Nov.   26,  '07)    Engineer,   463   West   St.,   New  York   City. 
HENREN,    Emil    (May   26,   '10)    1200   State   Ave.,    Coraopolis,    Pa. 
HERING.   Carl    (Apr.  3.  '02)    Consulting   Elec.   Engr.,   Engineers  Club,    1317    Spruce 

St..    Philadelphia,    Pa. 
HERLENIUS,  August    (Dec.   26,  '19)    Gen.    Mgr.,   Uddeholm  Aktiebolas,   Uddeholm, 

Sweden. 
HERMAN.    Henry    (Nov.    28,    '19)    Manager,    c|o    Electrical    Supply    Co.,    Manila, 

Philippines. 
HERRKSHOFF.   James   B.,   Jr.    (May   27.   '14)    Consult.   Eng..    3211   St.    Ann's   Ave.. 

Richmond    Hill,    Long    Island,    N.    Y. 
HERRON,    James    H.    (June    29,   '18)    Pres.,    The   James    H.    Herron    Co.,    13S4    W. 

3d    St.,   Cleveland,   Ohio. 
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HERTY,   Charles  H.    (Oct.    22,   '15)   Editor,   The  Journal   of  Industrial   &   Engineer- 
ing  Chem.;    mailing  address.   Room    343,    1   Madison  Ave.,    New   York   City. 
HERZ.    Alfred    (Feb.    27,   '14)    Testing    Eng.,    Public    Service    Co.,    of   N.    111.,    72    W. 

Adams  St..   Chicago,   111.;   mailing  address,    1S42   Morse  Ave. 
HERZOn.    G.    K.    (Feb.    27,    '09)    Electro-metallurgical    Co.,    Niagara   Falls.    N.    Y.; 

mailing    address,    229    5th    St. 
HESS.   F    M.    (Nov.   27,  '09)    Hess  Lumber  Co.,  Bishop,  Calif. 
HE.SS.  Henry  (Feb.  25,  'ID   308  Bailey  Bldg.,  Philadelphia,  Pa. 
HESSOM.    B.    F..    Jr.    (May    26,    '10)    General    Inspector,    Duquesne    Light    Co.,    435 

fith    Ave.,    Pittsburgh.   Pa.:   mailing   address,    136    5th    St.,   Aspinwall,    Pa. 
HEWITT.   Arthus  C.    (Feb.  28,  '19)    1327  Wood  St.,  Wilkinsburg,   Pa. 
HIBBERT.    Harold    (.Apr.    22,    '15)    Asst.    Prof,    of    Chemistry,    Sheffield    Chemical 

Laboratory.    51    Prospect   St.,    New    Haven.   Conn. 
HIBBARD.  Henry  D.   (May  30.  '08)  Consult.  Eng.,  144  East  7th  St.,  Plainfleld,  N.J. 
HICKS.   J.  ,F.   G.    (June   25,  '20)    Acting  Instructor,   Inorganic  Chemistry,   Box   956, 

Stanford    University,    Calif. 
HIDDLESOX.    William   A.    (Sept.   23.   '19)    Gen.   Mgr.,   c|o  Bristol   Gas   &   Elec.   Co., 

Bristol,    Va.-Tenn. 
HIGASHI.   Sentaro   (Sept.   15.  '15)   Prof,   of  Electro-metallurgy  &  Metallurgy,  Meijl 

College   of   Technology,    Tobata-Machi,    Fukuoka-ken,    Japan. 
HIGGINS.   Chas.    H.    (Nov.    30,   '18)    Instructor   in   Chem..    Bates   College,   Lewiston, 

Maine;    mailing   address,   43   Winter  St..   Auburn,   Maine. 
HIGCIN'S.   E.  C,  Jr.    (June  30,  '16)   cIo  Cosden  &  Co.,  Tulsa,  Oklahoma. 
HIGHT,    Eugene   S.    (Feb.   28,  '19)   Chief  Operation  Eng.,   Illinois   Traction   System, 

Peoria,   111. 
HIl.L.    Halbert   P.    (Apr.    2,   '19)    Consulting  Engr.,   Ophuls,   Hill   &   McCreery,    Inc., 

Consulting   Engrs.,   112   W.    42d   St.,    New  York   City. 
HILL.     Nicholas    S.,    Jr.     (Nov.    2,    '09)    Consulting    Eng.,    112    E.     19th    St.,    New 

York    City. 
HILL.  Roland  H.   (Oct.  25,  '18)  Chemist,  American  Laboratories,  Ricla  2,  Havana, 

Cuba. 
HILLIARU.    John    D.    (Sept.    26,  '08)    Engineer,   Gen'l   Elec.    Co.;    mailing   address, 

Hotel   Hough,    Schenectady,   N.    Y. 
HILI.S    Leander  H.    (June  30,  '17)   Research  Electro-chemist,   National  Electrolytic 

Co..  Niagara  Falls.  N.  Y. 
HINCKLEY,     .Arthur    T.     (May    25.    '12)    Chemist,    National    Carbon    Co.,    2    C    St., 

Niagara    Falls,    N.    Y. 
HINELINE.    Harris    D.    (Apr.    7,    '20)    Instructor    in    Chemistry,    Carnegie    Inst,    of 

Tech.;    312   Kelly   Ave.,  Wilkinsburg,   Pa. 
HINM.AN,    Ross    G.     (May    23.    '19)    Research    Chemist,    Research    Laboratory,    The 

Carborundum    Co.,   Niagara    Falls,    N     Y. 
HINTON.  Geo.  B.   (Nov.  24,  '16)   Consult.  Met.,  31  Balderas,  Mexico,  D.  F.,  Mexico. 
.HIORTH.    Albert    (Dec.    31,   '10)    Josefinegade    13,    Christiania,   Norway. 
HIORTH.    Frederick   V.    L.    (Dec.    26,    '07)    Electrochemical    Eng.,    Josefinegade    13, 

Christiania.   Norway. 
HIRSCH.    Alcan    (June    29,    '07)    Consult.    Chem.    Eng.,    50    E.    41st    St.,    New    York 

City;    res.,    244    Riverside    Drive. 
HIRSCHLAND.   Dr.    Frantz    H.    (Dec.    27,   '07)    Mgr.,   Metal    &    Thermit    Corp.,    120 

Broadway.  New  York  City. 
HIRPHFELD.   C.    F.    (May    25,   '17)    Chief   of   Research   Dept.,    The    Detroit   Edison 

Co..   18   Washington  Ave.,   Detroit,   Mich. 
HITCH.   Dr.   Arthur  R.    (Feb.   22,  '18)    Research  Chem.,   E.  I.   du  Pont  de  Nemours 

*    Co..    P.  O.   Box   525,   Jackson   Laboratory,   Wilmington,   Del. 
HITCHCOCK.   Miss  Fanny   R.   M.    (May   1,  '06)    4038   Walnut   St.,    Philadelphia,    Pa. 
HITCHCOCK,   Halbert  K.   (Oct.   2,  '02)  5710  Bartlett  St.,  Pittsburgh,  Pa. 
HITE.   B.   H.    (Apr.    4,   '03)    W.   Va.   Experiment  Station,  Morgantown,   W.   Va. 
HIX.   Edward  L.    (May   21,   '20)    Research  Metallurgist,   Electro-Metallurgical   Co., 

258   4th   St.,    Niagara   Falls,   N.    Y. 
HOAG,    C.    A.    (Apr.    30,    '20)    Chief    Chem.    &    Asst.    Eng.    of   Tests,    Hayes    Wheel 

Co.;    mailing    address,    810    Adrian   Ave.,    Jackson,    Mich. 
HOBBY,  A.   K.    (Apr.   25,  '19)   Res.   Chem.,  W.    C.   Durfee,   516   Atlantic   Ave.,   Bos- 
ton, Mass. 
HODSON.   Frank    (June   27,   '19)   Pres.,   Elec.  Furnace   Construction   Co.,    908   Chest- 
nut  St.,  Philadelphia,  Pa. 
HOFF.    John   D.    (July   26,   '18)    1850   8th   Ave.,    Oakland,   Calif. 
HOGABOOM,    Geo.    B.     (Feb.    25,    'ID    Res.    Engr.,    Scovlll    Mfg.    Co.,    Waterbury, 

Conn.;   mailing  address.    557   Stanley  St.,   New   Britain,   Conn. 
HOGE.   J.    F.    D.    (Apr.    6,   'ID    Eng.,    Western    Elec.   Co.,   463   West   St.,    New    York 

City:    mailing  address,   125   Riverside  Drive. 
HOKANSON.    Martin    (Jan.    30,    '20)    Eng.,    of   tests,    Marshall-Wells    Co.;    mailing 

address,   Kitchi    Gamml   Club,   Duluth,   Minn. 
HOLDING,     Herbert    H.     (Sept.     23,     '19)     General     Power    Representative,    Public 

Service   Electric   Co.,   SO   Park  Place,   Newark,    N.   J. 
HOLE.    Ivar    (Nov.    26,    '15)    As.st.    Supt.,    Evje    Smelter,    RafRneringsverket,    Krls- 

tlanssand,   S.  Norway. 
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HOLLAND,     Walter    E.     (Aug.     5.    '05)     Res.     Eng.,     Phila.    Storage     Battery     Co., 

Ontario  and   C  Sts.,  Philadelphia,   Pa. 
HOLLER,    Homer  D.    (Nov.   26,   '15)    Consulting  Chemist   and   Instructor,   Columbia 

Univ.;   mailing  address,    15  Brook  Terrace,   Leonia,   N.   J. 
HOLLIS,   H.  L.   (Oct.   24,  '19)   Executive  Officer,  1025  Peoples  Gas  Bldg.,  Chicago,  111. 
HOLMES,  Fletcher  B.    (June  29,  '18)   Director,  Jackson  Lab.,  du  Pont  Powder  Co., 

mailing  address,   Box   525,   Wilmington,   Del. 
HOLMES,   M.   E.    (Oct.   23,  '14)    Mgr.   Chem.   Dept. ;   mailing  address,   National   Lime 

Association,   918   G   St.,  N.  W.,  Washington,   D.   C. 
HOLST,   Gunnar   (Jan.   30,  '20)   Asst.  Chemist,  British  America   Nickel  Corp.,   Ltd., 

Nickelton,    Sudbury,   Ont.,  Canada. 
HOLSTEIN,   Leon   S.    (Sept.    28,   '12)    The   New  Jersey   Zinc   Co.   of  Pa.,   Palmerton, 

Pa.;   mailing  address,   362  Delaware  Ave. 
HOLTON,  Frederick  A.    (Apr.  2,  '04)  Chem.   in  Patent  Causes,  700   10th  St.,   N.  W., 

Washington,   D.   C. 
HOMAN,   C.  H.   (Dec.  30,  '16)   Civil  Eng.,  Sogaden  12,   Kristiania,   Norway. 
HOMMEL,  Rudolf  P.    (June   2,  '16)  Asst.   Secy.,   American  Electrochemical  Society, 

Lehigh   University,    Bethlehem,   Pa. 
HONAN,    Edward    M.     (Apr.    2,    '19)    Research    Chem.,    Western    Electric    Co.,    463 

West  St.,   New  York  City;  mailing  address,   123  N   19th  St.,  East  Orange,  N.   J. 
HONEYMAN,   Robert  B.,   Jr.    (Jan.  30,   '20)    36  Montgomery  PI.,   Brooklyn,   N.  Y. 
HOOD,  Ben  B.   (July  23,  '15)  Asst.  to  the  Supt.,  U.  S.  Metals  Refining  Co.,  Chrome, 

N.   J. 
HOOD,   Harrison  P.    (June  29,  '18)    Physical   Chemist,   Corning   Glass  Works,    Corn- 
ing.  N.  Y.;  mailing  address,  70  E.   4th  St. 
HOOKER,    Albert   H.    (Feb.    27,    '09)    Tech.    Director,    Hooker   Electrochemical   Co., 

Niagara  Falls,    N.   T. 
HOOKER,   Samuel  C.    (June  29,  '18)   82  Remsen  St.,  Brooklyn,  N.  T. 
HOOT     Denver  W.    (Feb.   28,   '19)    Prof,   of   Electricity,   State  Trade   School;    mailing 

address,    70    Trinity    St.,    New    Britain,    Conn. 
HOOVER,  Paul  L.   (Feb.  27,  '20)   Student,   Carnegie  Inst,  of  Tech.,   4605  Fifth  Ave., 

Pittsburgh,   Pa. 
HOPKINS,    Geo.    A.    (Feb.   25,   '11)    Metallurgist,   Carnegie   Steel   Co.,    Munhall,   Pa.; 

res.,  464   Swissvale  Ave.,   Wilkinsburg,   Pa. 
HOPKINS,    Nevil    M.    (Feb.    28,    '19)    Tech.    Res.    Officer   Nitrate    Div.    U.    S.    Army, 

Major,    Ord.   Dept.;   mailing   address,   2128   Bancroft   Place,    Washington,    D.    C. 
HORIBE,   Y.    (May   21,  '20)   Metallurgical  Engineer,   Mitsubishi  Mining  Co.,   Marun- 

ouchl,  Tokyo,  Japan. 
HORINE,    Karl    (June    25,    '20)    Research    Engineer,    Commonwealth    Edison    Co.; 

mailing  address,   28   N.   Market   St.,  Chicago,  111. 
HORN,     H.     T.     (Dec.    26,    '19)    Resident    Engr.,    Electric    Furnace    Products    Co.; 

mailing  address,   Saude,    Ryfylke,   Norway. 
HORNSEY,  John  W.    (May  5,  '10)   Consulting  Eng.,  Summit,  New  Jersey. 
HORSCH,   Wm.   Grenville    (Apr.   26,  '13)    Research   Associate,   Res.   Lab.  of  Applied 

Chem.,    Mass.    Inst,    of   Tech.,    Cambridge    Mass.;    mailing   address,    17    Bartlett 

Ave.,   Waverley    79,    Mass. 
HOSFORD,  Wm.  F.   (Oct.  22,  '15)   Eng.  of  Methods,  Western  Elec.  Co.,  Hawthorne 

Station,   Chicago,   111. 
HOSKINS,  William   (Apr.   3,  '02)   Suite  2009,  Harris  Trust  BId.g.,  West  Monroe  St., 

Chicago,   111. 
HOTCHKISS,  Fred.   H.    (Apr.   30,   '20)   Research  Electrochemist,   c|o  Chile  Explora- 
tion Co.,   202d  St.   and  10th  Ave.,   New  York  City. 
HOUGH,  Arthur   (May  1,  '06)   Short  Hills,   New  Jersey. 
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HOWARD,    Henry    (Apr.   3,   '02)    1300   Guardian    Bldg.,    Cleveland,    Ohio. 
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Norway. 
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JOHNSON.  Joseph   Allen    (May  25,  '12)   Electrical   Engr.,  Niagara   Falls   Power  Co., 

Niagara    Falls,    N.    Y. 
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JUDGE.  Thomas  P.  (Apr.  2,  '19)  Supt.,  A.  N.  &  D.  Co.,  Grand  Falls,  Newfoundland. 
JUDSON,    Lyman    Collins    (May    24,    '18)    Asst.    Sales    Manager,    Acheson    Graphite 
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KELLY.  J.  J.   (Nov.  28,  '19)  Asst.   Wks.  Supt.,  c|o  Canada  Carbide  Co.,  Shawinlgan 
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KELSEY.  V.   V.    (Mar.   22,   '18)    Corning   Glass  Works,   Corning,   N.   Y. 
KEMERY.  Philo   (May   29,  '09)    Metallurgical  Eng.,   Crescent  Works,  Crucible  Steel 

Co.    of    America,    Pittsburgh,    Pa. 
KEMMER.    Frank    Raymond    (Feb.    25,   '11)    Mgr.,    Republic   Carbon    Co.,   Box   638, 

Niagara   Falls,   N.   Y. 
KEMPER,   David   A.    (Oct.  21,  '16)   Research,  West  Virginia  Pulp  and  Paper  Co.; 

mailing   address,    18   N.   25th    St.,   Flu.«h)ng.   N.   Y. 
KEMPKE.   Carl    W.    (Sept.    23.   '19)    Elec.    Inspector.  Buffalo  Assoc,   of  Fire  Under- 
writers.  300    Marine    Tru.st   Bldg.,    Buffalo.   N.   Y. 
KENA.M.    Wm.    R..    Jr.    (Apr.    3     '02)    433    Locust    St..    Lockport.    N.   Y. 
KENDRTCK,    Theodore    E.    (Apr.    2.    '19)    Research    Chemist,    Babcock    &   Willcox; 

mailing   address,    82   West   8th    St.,    Baycnne,    N.   J. 
KENNEDY.    A.    M.    (Sept.    27,   '16)    Asst.    Chief   Engineer,  do  Alabama   Power  Co., 
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Edison    Bldg.,    Los    Angeles,    Calif. 
KENRICK.   Frank  B.    (Apr.   26.  '13)   Prof,   of  Chemistry.  Univ.  of  Toronto,  Canada; 

mailing    address,    77    Lonsdale   Road.    Toronto.    Canada. 
KENT,    James    M.    (Sept.    4.    '03)    Eng     and    Teacher    of   Applied    Steam    and    Elec- 
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KENT.    Samuel   L.    (Apr.    28,   '18)    Lansdowne,    Pa. 
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KETCHAM,     Arthur     C.     (Feh.     ?7,     '20)     Operating    Chem..     National     Aniline    and 

Chem.    Co.;    mailing   address,    1017    Rodney    St.,    Wilmington,    Del. 
KEYES.   W.    F.    (Apr.   25,   '19)    Jr.    Member  of  Firm  F.   E.   &  W.    F.   Keyes,    214-230 

Union  Oil   Bid.,    Los   Angeles,  Calif. 
KIENI.E.    Roy   H.    (June  27,  '19)   Res.   Chem.  Engr.,  Res.  Lab.,  General   Elec.   Co., 

Schenectady,    N.   Y. 
KIER.    Sainu.l    M.     (Oct.    28.    '08)    Pres.    Kier    Firebrick    Co..    2243    Oliver    Bldg.. 

Pittsburgh,   Pa. 
KIMURA.    Zehnichl    (Apr     2,    '19)    Electro-Metallurgist,    do    Mitsubishi    Selzensho 

No.    1    Shinkanasakicho,   Kitaku.    Osaka,   Japan. 
KING,   John  A.    (Feb.   22,   '18)    136    Maywood   St..  Worcester,  Mass. 
KING.   Rowland    (May  23.  '19)   Vice-Pres.,   The  C.   M.  Fassett  Co.,  mailing  address, 

209  N.  Wall  St.,  Spokane,  Wash. 
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KINGSBURY,    Jesse    A.    (Jan.    30,    '20)    Metallurgical    Engr.,    Studebaker    Corp.    of 

America;    mailing    address,    2005    Miami    St.,    South    Bend,    Ind. 
KINGSLEY,   Edward  D.    (Oct.  26,  '17)   Pres.,  Electro  Bleaching  Gas  Co.   &   Niagara 

Alkali  Co.;  mailing  address,  18  E.  41st  St.,  New  York  City. 
KINTER,  Geo.  R.  (Mar.  24,  '16)  1403  State  St.,  Harrisburg,  Pa. 
KISHI,    Keijiro    (Nov.    21,    '08)    Chief    Eng.,    Elec.    Dept.,    Shibaura    Eng.    Works, 

Tokyo,     Japan;     mailing     address,     No.     1     Shinhamacho,     Kanasugi,     Shibaku, 

Tokyo,  Japan. 
KISSOCK,  Alan    (Sept.  20,  '11)    1023  Investment  Bldg.,   Los  Angeles,  Calif. 
KITAWAKI,    Ichitaro    (May    24,   '18)    c|o   Rinji   Chisso    Kenkiusho,    Meguro,    Toklo, 

Japan. 
KITSUNEZAKI,  Ichiro    (July  25,  '19)    Yoshlma  Coal  Mines,   The  Furukawa  Mining 

Co.,   Ltd.,    Yishlma-Mura   Ishlki-Gori,    Fukushimaken,    Japan. 
KLAUBER,    Lawrence    M.    (Sept.    23,    '19)    General    Supt.,    San    Diego    Consolidated 

Gas  &   Elec.   Co.,   San  Diego,    Calif.;   mailing  address,   2569   Front   St. 
KLEINFELDT,    Henry    F.     (Apr.     22,    15)     Secy.,    Abbe    Engineering    Co.;    mailing 

address,    5    Arlington    Ave.,    Bloomfield,    N.    J. 
KLIPSTEIN,  Ernest  C.    (Apr.   3,  '02)   122  Pearl  St.,  New  York  City;   res.,   116  Pros- 
pect St.,  East  Orange,  N.  J. 
KLOUMAN,    Henning    (Oct.    3,    '17)    Metallurgist,    Chrobaltlc    Tool    Co.,    Michigan 

City,   Ind.;    mailing   address,    504   Spring   St.,    Michigan   City,   Ind. 
KLUG.   Geo.  C.    (May   21,  '20)   Gen.   Mgr.,   Messrs.   Bewick,    Moering  &  Co.;   mailing 

address,   G.  P.   O.    Box   No.  384,   Melbourne,   Victoria,   Australia. 
KLUGH,  B.  G.    (Apr.  7,  '06)   P.  O.   Box   21,   Anniston,  Ala. 
KNAPP,  George  O.    (Nov.  6,  '02)    42d  St.  Bldg.,   New  York   City. 
KNIGHT,     Frank    P.    H.     (Feb.    25,    '11)     Electrician,     Chemist,    Inventor,    Knight 

Ecker  Co.   Labs.;   mailing  address,   1015   Blondean  St.,   Keokuk,  lowa.^ 
KNIGHT,  Frank  R.    (Apr.   2,  '19)   Chief  Operator,    1126   Palmetto  St.,   Los   Angeles, 

Calif.;    mailing   address,    2230   Inez   St. 
KNIGHT,   Maurice  A.    (June   29,   '18)   Manufacturer  of  Acid-Proof  Chemical  Stone- 
ware, Acid  Brick   Special  Ware  and  Pipe,   East  Akron,   Ohio. 
KNIGHT,   O.   A.    (June  25,  '20)   Asst.   Prof,   of  Met.,   The  Penn  State   College,   State 

College,  Pa. 
KNOBEL,    Max    (Sept.    30,   '18)    Instructor  of   Physics,    Room   4-113,    Mass.    Inst,    of 

Tech..    Cambridge.    Mass. 
KNOEDLER,   Elmer   L.    (Dec.   30,   '17)    Gen.  Supt.,  Welsbach   Co.;   mailing  address, 

110  Brown  St.,  Gloucester  City,  N.  J. 
KNOX,  Lester  B.    (Mar.   24,  '16)    77   Chatham  Rd.,   Buffalo,   N.  Y. 
KNUiySEN,    Rolf    (May   24,   '18)    Borgestad,   Norway. 
KOBAYASHI,    Wadachi    (May   23,    '19)    Asso.    Member,    American    Inst,    of   E.    E.; 

mailing    address,    c|o    Uji-Gawa    Elec.    Co..    Kaml-Niche-Me,    Sonezaki    Kitaku, 

Osaka,  Japan. 
KOCH,    Geo.    W.     (Apr.     7,    '20)    Chemist.    Asst.     Insp.     of    Combustibles;    mailing 

address,    12608    89th  Ave.,   Richmond   Hill,    L.   I.,   N.   T. 
KOEHLER,  Wm.   (Nov.   5,  '04)  E.  792   Lakeview  Road,  N.  E.,   Cleveland,   Ohio. 
KOEPER,    L.    L.    (May    21,    '20)    Mgr.    Waneta   Power   Co.,    Ltd.;    mailing    address, 

Paulsen   Bldg.,   Spokane,   Wash. 
KOERING,    Ben    R.    (Sept.    27,    '16)    Consulting,    Mining   &   Metallurgical    Engineer, 

404  Center  St.,  Salt  Lake  City,  Utah. 
KOETHEN,    Frederick    L.    (Jan.    29,   '10)    Sales   Eng.    and   Supt.,   Lubricant   Works, 

Ache.son  Graphite  Co.;  mailing  address.   1960  Whitney  Ave.,  Niagara  Falls,  N.  Y. 
KOHLBERG,    H.   L.    (Dec.    26,   '20)    Mechanical   Engr.,    Warren,   Ariz. 
KOHLER,    Hy.    L.    (Aug.    31,    '07)    Chem.    Eng.,    Scullin    Steel    Co.,    St.    Louis,    Mo.; 

mailing  address,   3322  HalUday   Ave. 
KOHLHAUSEN,    Benjamin    F.    (Feb.    28,    '19)    Local    Supt.    and    Asst.    Gen.    Mgr., 

Northern    Virginia    Power    Co.;    mailing   address,    Martinsburg,    W.    Va. 
KOHN,  Milton  M.    (May  29,  '09)   Mgr.,  Multiple  Unit  Elec.   Co.,   32   Broadway,   New 

York   City. 
KOKATNUR,    V.    R.     (Oct.    26.    '17)    Research    Chemist,    c|o    Niagara    Alkali    Co., 

Niagara  Falls,  N.  Y. 
KOONS,    Martin   R.    (Jan.    30,  '20)    Res.    Chem.,   The   Barrett   Co.;   mailing   address, 

5113    Catharine   St..    Philadelphia,   Pa. 
KOONTZ,  John  A.,   Jr.    (Sept.   27,  '16)    E.   E.,  Great  Western   Power  Co.;   mailing 

address,   221    Bryant    St.,   Palo   Alto,   Calif. 
KOPPITZ,    C.    G.    (Oct.    26,   '17)    Chief    Eng.,    Ry.    &   Industrial    Eng.    Co.,    Greens- 
burg,   Pa 
KOWALKE,    O.    L.    (Aug.    3,    '06)    Prof.,    Chem.    Engineering,    Chem.    Engineering 

Bldg.,    University    of   Wis.,    Madison,    Wisconsin. 
KRAMER,    Lewis   B.     (Mar.    24,    '16)    Electric    Steel    Melter,    Carpenter    Steel    Co., 

Reading,    Pa.;   mailing   address,    109   Carsonia   Ave.,    Mt.    Penn,    Pa. 
KRANZ,   Wm.   G.    (Apr.    29,  '11)   VIce-Pres.,    10600   Quincy   Ave.,   Cleveland,  Ohio. 
KRAUS,   Ernest  (Sept.  27,  '13)   Res.  Chemist,  433   Gregory  Ave.,  Weehawken,   N.  J. 
KRAUSE,   Walter  B.    (Apr.   24,  '14)    do  American   Steel    Foundries,    Chester,    Pa. 
KREISS,  Albert  L.   (Jan.  30.  '20)  Chemical  Engr.,  Merrlman,  Potash  Co.,  Merrlman, 

Neb. 
KREJCI,   Mllo  W.    (May  27,  '09)    1354  Webb  Road,  Lakewood,  Ohio. 
KREMERS,  J.  G.    (July  31.   "07)    906  Shepherd   Ave.,  Milwaukee,   Wis. 
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KRING.    Oskar    (Sept.    30,    'IS)    Engineer,    Radmansgatan    55,    Stockholm,    Sweden. 
KROEMER,    F.   W.    (May   24,    '18)    Representative   of   Bernuth    Lembcke    Co.,    New 

York  City;   mailing  address,   421   West  22d  Ave.,   Houston,   Texas. 
KROG,    Karl  M.    (June   30,  '16)   c|o  Kristiansands   Nlkkelrafflnerlngsverk,    Kiistian- 

sand,    S.    Norway. 
KROLL,   Cornelius    (May   24,   '18)    Mgr.   &   Gen.   Supt.   of   Refineries,   Mid-Co.    Gaso- 
line Co.,  Tulsa,  Okla. 
KRUESI,  Paul  J.   (Jan.   25,  '18)   Pres.,  Southern  Ferro-Alloys  Co.;  mailing  address, 

510    Fort  Wood   Place,   Chattanooga,    Tenn. 
KRTZANOWSKY,  C.   J.   (Apr.   28,   '18)    Pres.,   The  Tungsten  Products   Co.;   mailing 

address,    Hill   Top    Park,   Mt.   Washington,   Mo. 
KUHLMANN,   August    (June   25,    '20)    Union   Carbide   Co.,    Sault   Ste.   Marie,    Mich.; 

mailing   address,    707    Cedar  St. 
KUHN,    Herbert    M.     (May    23,    '19)    Chem.    Engr.,    National    Carbon    Co.;    mailing 

address,    1639   Winton   Ave.,   Lakewood,    Ohio. 
KUMAMI,    Akira    (Apr.    30,    '20)    Chief    Engr.    of    Test    Wks.    of    Electrolytic    Zinc 
Refinery;    mailing   address,   Mitsui    Kamioka   Mine,    Funatsumachi,    Yoshikigun, 
Gifuken,  Japan. 
KUMMER,  Martin   T.    (Feb.   1,   '19)    1409   N.  20th   St.,   Philadelphia,   Pa. 
KUNZ,  George  F.,   Ph.D.    (Sept.  28,  '07)   Vice-Pres.,   Tiffany  &   Co.,  405  Fifth   Ave., 

New  York  City. 
KURAHASHI,    Tojiro    (May    24,    '18)    20    Omotecho-Sanchome,    Akasakaku,    Toklo, 

Japan. 
KURYLA,    Michael    H.    (Jan.    30,    '20)    c|o    Real   del    Monte    Co.,    Pachuca,    Hidalgo, 

Mexico. 
KUTZ     Milton     (June    1,    '15)    Mgr.,    The    Roessler    &    Hasslacher    Chem.    Co.,    941 

Drexel  Bldg.,   Philadelphia,   Pa. 
KUZELIi,  Chas.  R.   (May  23,  '19)  Asst.  Supt.,  c|o  United  Verde  Copper  Co.,  Clarks- 

dale,  Ariz. 
KWANG,   Kwong  Yung,   D.   Engr.    (Feb.    24,  '09)    Engineer  and   Director,   Lincheng 
Mines,    Lincheng     (near    Shun-to-flow),     Chihili    Province,     Kin-Han     Railway, 
via   Pekin,    N.    China. 
LACKIE,    W.    W.    (Apr.    2,   '19)    Chief    Engr.    of    Glasgow    Corp.    Electricity    Dept. ; 

mailing    address,    75    Waterloo    St.,    Glasgow,    Scotland. 
LiACROIX,    Henry    (Mar.    3,    '06)    Engineer,    Usine    de    Degrosslssage    d'or,    Geneva, 

Switzerland. 
LA  FORE,   J.  A.    (Apr.   3,   '02)    Merlon   Paper   Co.,   Bellevue   Court   Bldg.,    Philadel- 
phia,   Pa.;    res.,   Wister    Road,    Ardmore,   Pa. 
LAIB,     Walter     (May     22,    '14)     Sales    Mgr.,     The     Cleveland    Match     Co.;     mailing 

address,   3848  Prospect  Ave.,  Cleveland,   Ohio. 
LAIRD,   Clinton   N.    (Oct.   25,    '18)   Canton   Christian   College,   Canton,    China. 
LAIRD,  Kenneth  V.    (July  25,   '19)  Asst.   Elec.  Engr.,  Gellert  Engineering  Co.,   1124 

Widener   Bldg.,   Philadelphia,    Pa. 
LAISE,    Clemens   A.    (Dec.    30,   '16)    Chem.    Eng.,    Independent    Lamp    &    Wire   Co.; 

mailing   address,   37   Duer  Place,   Weehawken,   N.   J. 
LAKE,   Dyer  B.    (Oct.   25,  '18)    c|o  American  Chem.  &   Mfg.   Corp.,   P.   O.    Box   "G," 

Cranford,    N.   J. 
LAMB,  Arthur  B.   (Dec.   27,  '07)  Chemical  Lab.,  Harvard  College,  Cambridge,  Mass. 
LAMB,    Frank   H.     (Aug.    22,    '19)    Pres.    and    Gen.    Mgr.,    c|o    Lamb    Machine    Co., 

Hoquiam,   Washington. 
LAMBLE,  B.  C.    (Aug.   22,  '19)   Manager,  Electro  Foundries,   Ltd.;  mailing  address, 

Orillia,   Ontario,   Canada. 
LAMOUREUX,    Ernest    (Apr.    26,    '17)    Sales    Representative,     Munning-Loeb    Co.; 

mailing   address,    844   Aldine   Ave.,    Chicago,   111. 
LANA,   Dr.   Casimiro   (Jan.    25,  '18)    Director  de   Los   Laboratorios  de    "La   Hispano 

Suiza";   mailing  address,   Munkaner   102,   Barcelona,   Spain. 
LANDIS,    Walter    S.     (Dec.     4,    '02)     American    Cyanamid    Co.,     New    York    City; 

mailing   address.    East    31st    St.,    Beechurst,    Long   Island,    N.    Y. 
LANDOLT,  Dr.   Hans(  Feb.   5,  '03)    Turgi,   Switzerland. 
LANDOLT,   Percy   E.    (Nov.   27,   '14)    Captain,   U.   S.   A.   Nitrate   Division,   3214    13th 

St.,  N.  W.,  Washington,  D.   C. 
LANE,  Henry   M.    (May   29,  '09)    Trussed   Concrete   Bldg.,    Detroit,    Mich.;   res.,    208 

Highland  Ave.,   Highland   Park,    Detroit,   Mich. 
LANG,   Franklin    (Apr.  30,  '20)    Chemist,   Todd  Shipyards   Corp.,    Robins   Dry   Dock 

&  Repair  Co.,  Plant  foot  of  Beard  St.,  Erie  Basin,  Brooklyn,  N.  Y. 
LANGDON     Seth    C.    (Feb.    28,    '19)    Asst.    Prof.    Chem.    Lab.    Northwestern    Uni- 
versity,   Evanston,   111. 
LANGFORD,  Frank   (May  29,  '09)    3009  Richmond  Ave.,  Oakland,  Calif. 
LANGMUIR,  A.  C.    (May  24,  '18)  243  South   Broadway,  Hastlngs-on-Hudson,   N.   Y. 
LANGMUIR,   Irving   (June   29,  '07)   Res.   Lab.,   General   Electric   Co.,   Schenectady, 

N.   Y. 
LANSING,  Cooper  Nott   (Nov.  26,  '15)   Engineer  on  Cells,   Hooker  Electrochemical 

Co.,   Niagara   Falls,    N.   Y. 
LAPIDOS,    Robert   H.    (June    25,    '20)    Development   Engineer,    c|o   National    Carbon 

Co.,   Cleveland,   Ohio. 
LARCHAR.   A.    B.    (Apr.    3.  '02)    Penobscot   Chem.    Fibre  Co.,   Great  Works.    Maine. 
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LARREA,     Manuel     (Feb.     27.    '20)     Mech.    Draftsman,    Continental    Motors    Corp,, 

508    Association    Bldg..    Detroit.    Mich. 
LATHAM,    Everett   B.    (May  23,  MS*    Const.   Geologist  &   Engr.,  U.   S.   Dept.  of  Jus- 
lite;  mailing  address,   1033  Merchants  National  Bank   Bldg.,  Los  Angeles,  Calif. 
LAUCKS.    living    F.    (Jan.    31.   '20)    Chem.,   Denver    Coal    By-Products.    mailing   ad- 
dress,   1655   7th   St.,   Denver,   Colo. 
LAUGHLIN     H.    Hughart    (May    29,     '09)    Elec.   Eng.,   Jones   &  Laughlin   Steel  Co., 

3U(i    Jones    &    Laughlin    Bldg.,    Pittsburgh,    Pa. 
LAVE.N'E,    H.    A.     (Nov.    26,    "15)    Chemist,    Acheson    Graphite    Co.,    Niagara    Falls, 

N.   Y.;    mailing   address,    170    Buffalo   Ave. 
LA VI NO.   Edward  J.    (Nov.   26,  '07)   with  E.  J.   Lavlno  &  Co.,   Bullitt  Bldg.,  Phila- 
delphia,  Pa. 
LAWKE.NSON,  J.  S.    (July   25,   "19)   Instructor,   Technical  College;   mailing  address, 

Macrae   St.,    Woodend    Ipswich,   Queensland,   Australia. 
LAY,    J.     Tracy     (Nov.    26,    '10)     Giaduate    Student,     University    of    Pennsylvania, 

Philadelphia,  Pa.;   res.,  4015  Pine  .St. 
LEACH,    Edwm   R.    (Feb.    25,  'ID    Mgr.,    Island   Copper   Co.,   Oakland,   Calif.;   mail- 
ing   address.    217    Hillside    Ave.,    Piedmont,    Calif. 
LEAVITT.    \Vm.    F.   B.    (Mar.    26.   '10)    C.    W.    Leavitt   &   Co.,    30   Church    St.,    New 

York   City. 
LE  BuUTIl.LIER,   Clement    (July   31,  '08)   Chem.   &  Met.,   High   Bridge,   N.  J. 
LEDOUX,  Albert  R.   (July  25,  '13)    Pres.,  Eng.  &  Chem.,  Ledoux  Co.,  Inc.,   99  John 

St.,    New    York    City. 
LEE.   Frederick   Eric   (Feb.   1,  '19)   Research  Chemist,  Canada  Mining  and  Smelling 

Co.;    mailing  address.   Trail.   B.   C  Canada. 
LEE,   H.   H.    (Dec.    2,  "05)   clo   El-rti o-Metallurgical   Co.,    Niagara  Falls,  N.   Y. 
LEE.    I.    E.    (Mar.    24.    '16)    158    Delaware   Ave.,    Carnejs   Point,    N.   J. 
LEE,    Lenim    Ping    (July    25,    '19)    Metallurgist,    Kail    Woo   Gold   Ref.    Co.;    mailing 

address.   32    Gage   St.,    Hong   Kong,    China. 
LEE.    William    S.    (Feb.    28,    '19)    Chie'    Eng.    &    Vice-Pres.,    Southern    Power    Co., 

,  Charlotte,   N.    C. 
LEEK,   Nathaniel  L.   (May  21,  '20)   Student,   Rensselaer  Polytechnic  Institute;  mail- 
ing  addiess,    Amagnsett,    New    York, 
LEFFl.EH.   Johan   A.    (Sept.    24     '10)    Prof,  of  Met..   Royal  Technical   Univ.,   Stock- 
holm.   Sweden;    mailing  address,    Vastmannagatan    12,   Stockholm,    Sweden. 
LEG(^0.    A.    Victor    (Apr.    30,    '20)     Proprietor.     A.    Victor    Leggo    &    Co.;     mailing 

address,    497    Collins    St.,    Melbourne,    Australia. 
LEGHAND.   Charles   (Mar.   24,  '16)   Consulting  Eng.,   Phelps   Dodge   Co.,   P.   O.   Box 

EE,    Douglas,    Ariz, 
LEHU.    Harold   D.    (Nov.   23,  '17)    109   West   Geopp   St..    Bethlehem.   Pa. 
LE.MSCHCJW,    H.    H.    (May    25,    "17)    Nikedals    Tandstlkfabrik,    Box    96,    Krlstiania, 

Norway. 
LEO.   Shoo  Tze   (May  24,  'IS)   Slntl   City,   Hupeh,   China. 
LEPS.iE.    Robert    (Oct.   29,  '20)    Engr.,   A/S   Metalluigist   Industri;   mailing  address, 

Amer.  Scand.   Foundation,  25   West   40th   St.,   New    York   City. 
LEA'I-BIANCHI.XI,    Leone    (May    21.   '20)    Bussi-OfRclne,    Abruzzo,   Italy. 
LEVIN,   I.   H.    (Nov.   28,   "191    Tech.    Director,  The   Electrolas   Co.;    mailing   address, 

2635    Penn    Ave.,    Pittsburgh,    Pa. 
LE^'Y.    Gaston   J.    (Aug.    25.    '17)    care   of   Sperry  Flour   Co.,    Spokane,   Washington. 
LEWIS.  C.   A.    (Jan     30,   '20)    Mgr.,   Chem.   Dept.,   Laldlaw.  Kelly   &  Co.,  Inc.;   mail- 
ing  address.    157    Newtown    Ave.,    Astoria,    Long   Island.    N.    Y. 
LEWIS.   G.    P.    (Apr.    30,   '20)    Cons.    Engr.    &  Chemist,    9    Dacre   St.,    West    Minster, 

S.    W.    1,    London.    England. 
LEWIS.  Jonathan  D.   (May  29.  '09)  Metallurgist,  Edgar  Thompson  Works,  Carnegie 
.S(pel  Co.,    Bessemer.   Pa.;    mailing  address.   2115   Delaware   Ave.,   Swissvale,    Pa. 
LEWIS.   .Joseph   W.    (Feb.    28,   '19)    Mgr.   Supply   Dept..    Westlnghouse   Elec.   &   Mfg. 

Co.;   mailing  address,   403   Hay  St..  Wilklnsburg.    Pa. 
LEWIS,    S.     H.     (April    7,    '20)     In    Coke    Plant    Operation,    Wi.sconsin    Steel    Wks.; 

mailing    address.    Hotel    Lenox,    Chicago,    III. 
LICHTHAUDT.    G.     (Apr.    3,    '02)    Chemist,    S.    P.    Railroad    Co.;    mailing    address, 

Rox    5in,    Sacramento,    Calif. 
LIDBIRY.    F     Austin    (Aug.    7,    '03)    Works    Mgr.,    Oldbury    Electrochemical    Co., 
Niagara    Falls,    N.    Y.;    mailing   address,    33   Sugar   St.,    Echota,    Niagara    Falls, 
N     Y. 
LTEBMA.N.V,   Dr.   Alfred  J     (Aug.   26,   "10)    203   W.   81st   St..   New  York  City. 
LIEHSCHUTZ.   Morton    (Jan     2S.   'ID    P.    O.    Box    15.    E<sex  Falls,    N.   J. 
LII..IA.  S.  G.   (Oct.  21.  'Ifi)   Eng.,   Hamilton  &  Hansell:  mailing  address,  Drottnlng- 

holmsvagen   I   a.   Stockholm,   Sweden. 
LILJRNUOTH,    Frans   G.    (Dec.    31.    '15>    A.    B.    Eml.«!Sionslnstltute,    10    Kunsstrild- 
gorrlsf,'aian,    Stockholm,    Sweden:    mailing    address,    6    Fre.iavagen,    Stocksund, 
Sweden. 
LINCOLN.    Dr.    A.    T.    (Nov.    fi,   '02)    Prof,    of    Phy.    Chem.,    Rensselaer   Polytechnic 

In-^t..   Troy.   N.    Y.;   mailing  addiess.    1625  Tibhltts  Ave, 
LINCOLN.   Edwin  S.    (.Sept.  26.  'OS)  Consulting  Eng.,  634  Congress  St.,  Portland,  Me. 
LI.'VCOI.N,    p.   M.    (Apr.   3,  '02)   c|o  Lincoln   Electric  Co.,   Cleveland.   Ohio  . 
LL-MD,  S.  C.   (July  30,  '09)  Physical  Chemist,  U.  S.  Bureau  of  Mines,  Reno.  Nevada. 
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tilNDBERG,  Sven   C.   son   (Sept.   27,  '13)   Pres.,   Palentaktiebolaget,   Jungners  Hall- 
Cement,    Grefturegatan    24    B,    Stockholm,    Sweden. 
LINDEN,    H.    E.    (May    2,    '17)     Hydro-Elec.    Eng.,    Sec.    &    Treas.,    Beckman    and 

Linden    Eng.   Corp.,    604    Balboa   Bldg.,   San   Francisco,    Calif. 
LINDSAY,    William    H.    (Sept.    23,    '19)     Fieldman,    Duquesne    Light    Co.;    mailing 

address,   334    Sheridan  Ave.,   Pittsburgh,   Pa. 
LINDSTROM,   R.   L.    (Jan.   30,   '20)   Metallurgical,   Canadian  Steel  Foundries;   mail- 
ing address,    623   Durocher,   Montreal,  Quebec,    Canada. 
LIPSCOMB,    Gaston    J.    (May    23,    '19)    Director    &    Mgr.,    Nitrate    Agencies,    Ltd.; 

mailing   address,    Iquique,   Chile. 
LISCOMB.   Fred.   J.    (Feb.    25,  '16)    Salesman,   Hanson   &   Van  "Winkle  Co.;    mailing 

address,    6066   Nickerson  Ave.,   Chicago,    111. 
LITTLE,   Arthur    D.    (Apr.    1,  '05)    Chem.   Eng.   &   Expert,   30   Charles   River   Road, 

Cambridge,   Mass. 
LITTLE,    William    T.     (Mar.    24,    '16)    Chief    Chemist,    Metal    and    Thermit    Corp.. 

Chrome,   N.    J.;   mailing   address,   1025   E.    Jersey   St.,    Elizabeth,    N.   J. 
LIVINGSTON,  William   S.,  Jr.    (May   23,   '19)   Mining  Eng.,  The   Grasselli  Chemical 

Co.,   New   Market,  Tenn. 
LLOYD,    Edward    W.    (Feb.    28,    'IS)    Gen.    Contract   Agt.,    Commonwealth    Edison 

Co.;    mailing   address,   72  W.   Adams   St.,   Chicago,   111. 
LLOYD,    George    Christopher    (Feb.    27,    '20)    Secretary,    The   Iron    and    Steel    Inst., 

28   Victoria  St.,    London.   S.   W.,    England. 
LLOYD,  Robert  McA.    (Feb.  28,  '19)   Consulting  Eng.,  347  Madison  Ave.,  New  York 

City. 
LLOYD,   Dr.    M.   G.,    Ph.D.    (Apr.    3,   '02)    Elec.   Eng.,   Bureau   of   Standards,   Wash- 
ington,  D.   C. 
LLOYD',  Sherman  C.   (Sept.  26,  'OS)   1402  Gilpin  Ave.,  Wilmington,   Del. 
LLOYD,    Stewart  J.    (Oct.    28,   '09)   Prof,    of  Chem.    and   Metallurgy,   Univ.    of  Ala., 

University,   Ala. 
LODYGUINE,    Alexander    (Jan.    3,    '04)    Research    Dept    Engr.,    Sperry    Gyroscope 

Co.,   Manhattan  Bridge  Plaza,   Brooklyn,  N.  Y.;   mailing  address,   1460  Bedford 

Ave. 
LOEBELL,   Henry  O.    (Aug.   28,  '14)    Industrial  Heating  Expert,  Henry  L.  Doherty 

&   Co.,   60  Wall   St.,   New   York   City. 
LOEFFLER,   Geo.   O.    (Mar.    24,   '16)    Gen.   Supt.,   Carbon    Steel   Co.,    32d   St.,   Pltts- 

hursh.    Pa.;    mailing   address,    Bellefield   Dwellings. 
LOEWENHERZ.    Emanuel    (April    7,    '20)    General    Manager,    K.    W.    Battery    Co.; 

mailing   address,    1532-34    S.    Michigan   Ave.,   Chicago,    111. 
LOF,   Eric  Adolf   (Feb.  24,  '17)   Elec.   Eng.,  Power  and  Mining  Eng.  Dept.,  General 

Electric   Co.,   Schenectady.   N.   Y. 
LOGAN,    Maurice   H.    (Feb.    28,   '19)    Division   Operator,    The   Public   Service   Elec. 

Co.,   Jersey  City,    N.   J.;   mailing  address.   111   Reservoir  Ave. 
LOH.    Peng    Chia    (Apr.    30.    '20)    Chief   Mgr.,    Chungking   Paper   Mfg.    Co.;    mailing 

address,   Asing  &   Co.,   Chunking,   West    China. 
LOHR,    J.    M.     (May    24,    '13)    Met.    &    Supt..    Foundry     (Hoskins    Mfg.    Co.),    Cor. 

Lawton    &    Buchanan    Ave.,    Detroit,    Mich.;    mailing   address,    1592    W.    Grand 

Blvd. 
LOKEN,   Rikard   (Nov.   26,  '15)   Chemist,  A/S  Krlstianssand  Nikkelraffineringsverk. 

Avdeling   Ringerike,    Nakkerud    St.,    Norway. 
LONCTEAUX,    Louis    W.    (Jan.    30,    '20)    Pres.,    L.    W.    Loncteaux    &   Co.;    mailing 

address.   433   Marine  Trust   Bldg.,   Buffalo,   N.   T. 
LONG,   George   E.    (Jan.    28,   '08)    732   W.    Washington   St.,   Napoleon,   Ohio. 
LONG,  Ralph   A.   (Aug.   22,  '19)   Electrochemist,  Atlas  Power  Co.;   mailing  address, 

.Atlas   Club,   Tamaqua,    Pa. 
LOUNSBERRY,   Frank  B.    (Jan.    30,  '20)    Metallurgical   Engr.,   Atlas  Crucible   Steel 

Co..  Dunkirk,  N.  Y. 
LOVEJOY,  D.   R.    (Apr.   3,  "02)   150   Lexington   Ave.,   New  York  City. 
LOVELACE,    B.    F.    (Oct.    27,    '11)    Associate    Prof,    of    Chemistry,    Johns    Hopkins 

University,    Baltimore,    Md. 
LOVEMAN,   W.   R.    (Apr.    28,  '18)    Factory  Mgr.,  Usona  Mfg.   Co.;   mailing  address, 

2457    North   Ave.,   Bridgeport,    Conn. 
LOW,  Frank  S.    (Apr.  26,  '16)    Secy,   and  Treas.,  clo  Niagara  Alkali  Co.,   Niagara 

Falls,    N.    Y. 
LOW.   Wilson   H.    (May    24,   '18)    0(0    John   H.    Show,    532    S.    Lorraine   Blvd.,   Los 

Angeles,    Calif. 
LOWE.    Russell   E.    (Jan.   26,  '17)   Hotel   Rumford,   Rumford,   Maine. 
LOWER,  John  R.  (May  24,  '18)  Asst.  Chemist,  State  Department  of  Health,  Colum- 
bus.  Ohio;    mailing  address,   57    E.   Maynard   Ave. 
LUBOWSKY,    Simon    J.    (Apr.    26,   '17)    Head,    Chemistry   Dept.,   Metal    &    Thermit 

Corp.,    92   Bishop   St.,   Jersey   City,   N.   J. 
LUCAS,   Charles   C,   Jr.    (Apr.    2,   '19)    Asst.    Elec.    Engr.,    Erie   Forge   &   Steel   Co.; 

mailing  address.   Walker  Apts.,    Erie,    Pa. 
LUCKENBACH,   L.   J.    (May    23,   '19)    83   Church   St.,    Bethlehem,   Pa. 
LUKENS,   Hiram  S.    (Feb.   27.  '14)   Asst.   Prof,  of  Chem.,  Univ.   of  Pa.,   John  Harri- 
son   Lab.   of  Chemistry,   Philadelphia,    Pa. 
LUNDGREN,   Harald  (Aug.   25,  '11)   7742  Marquette  Ave.,  Chicago,  111. 
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LUNN,    Ernest    (Jan.    29,   '09)    Chief  Electrician,   701    Pullman   BIdg.,   The   Pullman 

Co.,  Chicago,  111. 
LYMAN,   James    (Apr.   3,   '02)    Firm  of  Sargent   &  Lundy,    1412    Edison  Bldg.,    Chi- 
cago,  111. 
LYON,  Dorsey  A.   (Feb.  27,  '09)  Chief  Met.,  Dept.  of  the  Interior,  Bureau  of  Mines, 

Washington,  D.  C. 
LYONS,    Clyde    Francis    (Jan.    30,    '20)    P.   O.    Box   18,    Tyrone,    N.    M. 
LYONS,    H.    N.    (Oct.    21,    '16)    Chief   Chemist,   Columbia   Chemical   Co.,    Barberton, 

Ohio;   mailing  address.   City  Club. 
LYSTER,  T.  L.  B.    (Nov.  26,  '15)  Eng.,  Hooker  Electrochemical  Co.,  Niagara  Falls, 

N.  Y. 
LYTLE,   Lloyd  B.    (June  30,   '17)   Elec.   Engr.,   Canadian   General   Electric   Co.,   Cor. 

King  and   Simcoe  Sts.,  Toronto,   Ont.,   Canada;   mailing   address,   221  CJrace   St. 
McADAM,    D.    J.,    Jr.,    Ph.D.    (Jan.    29,    '10)    Metallographist,    Engineering    Experi- 
ment Station,  Annapolis,  Md. 
MCALLISTER,  Paul    (June   27,  '19)    Metallurgist,  Westinghouse   Lamp  Co.;  mailing 

address,    27   Delaware  Ave.,   Bloomfield,   New   Jersey. 
McBERTY,  Ford   H.    (Aug.   25,  '16)   Engr.   Dept.,  National  Aniline  &   Chemical   Co., 

Buffalo,   N.  Y. 
McBERTY,  F.   R.    (Sept.   25,  '09)   Test  Division,  351  Abbott  Rd.,  Buffalo,   N.   Y. 
McCLENAHAN,    J.    S.    (June   30,   '16)    Asst.    Supt.,    Electrolytic   Tank   House,    Chile 

Exploration   Co.,   Via  Antofagasta,   Chuquicamata,   Chile. 
McCONNELL,    Jacob    Y.    (Apr.    3,    '02)    500   N.    Broad    St.,    Philadelphia,    Pa.;    res., 

Colwyn,   Pa. 
McCONNELL,   John   J.    (Feb.    28,   '19)    c|o   American   Oil   &   Refining    Co.,    Inc.,    223 

Simon    Bldg.,    Post   Office   Box    674,   Shreveport,    La. 
McCORMACK,    Harry    (June    29,    '07)    Prof.,    Dept.    of   Chem.    Eng.,    Armour    Insti- 
tute,   Chicago,    111. 
McCOY,    Herbert    N.    (Sept.    4,    '03)    Pres.,    Carnotite    Reduction    Co.,    Chicago,    111.; 

mailing  address,   6030  Kenwood  Ave. 
McCULLOUGH,    H.  F.    (Apr.    29,   '11)    Pulaski,   Pa. 
McDANIEL,   A.    S.    (Feb.    27,   '20)    Expert   Patent   Chem.,   Pennie,    Davis,    Marvin    & 

Edmunds;    mailing   address,    35    Nassau   St.,    New    York   City. 
McDonald,    Frank    (Apr.    29,    '11)    Supt.,    Electrolytic    Plant,    D.    M.    Bare    Paper 

Co.,   Roaring  Springs,  Pa. 
McDonald,  Robert  A.    (June  25,  '10)    Manager,  Crescent  Steel   Co.,   Crucible   Steel 

Co.   of  America,  Pittsburgh,   Pa.;   mailing  address.    304   S.    Fairmount   St. 
McGARY,    Amos    D.    (Apr.    7,    '20)    Metallurgist    and    Chemist,    Seymour    Mfg.    Co.; 

mailing   address.    Box    134,    Seymour,    Conn. 
McINTOSH,    D.     (Dec.    4,    '02)    The    University    of    British    Columbia,    Vancouver, 

B.  C.,   Canada. 
McINTOSH,    Hampson    G.     (Feb.    27,    '20)    Research    Chem.,    Standard    Parts    Co.; 

mailing    address,    1616    Crawford    Road,    Cleveland,    Ohio. 
McKAIG,  W.  Wallace    (Oct.    3,   '17)    Director  &  Mgr.,   McKaig   Mach.   Foundry   and 

Supply  Works,   Cumberland,   Maryland. 
McKEE.   William   E.    (Jan.    30,   '20)    Vice-Pres.,    Huff    Electrostatic    Separator   Co.; 

mailing  address,  Box  66,  Arlington,   Mass. 
McKEOWN,   William   (Apr.   25,  '19)    829   Wick  Ave.,   Youngstown,   Ohio. 
McKIM,    John    W.     (June    27,    '19)    Pres.    and    Geologist,    McKim    Oil    Co.;    mailing 

address,   4  Mohler  Bldg.,  Casper,  Wyoming. 
McKINLEY,   Joseph    (May   26,   '10)    Power  Salesman,    The  Allegheny   County   Light 

Co.,    435   6th  Ave.,   Pittsburgh,    Pa. 
Mcknight,  W.  a.   (Apr.  22,  'I5)  works  Supt.,  Aluminum  Co.  of  America,  Niagara 

Falls,   N.  Y. 
McLaughlin,   Dorsey  E.    (May   27,   '11)    904  Union   Oil   Bldg.,   Los  Angeles,    Calif. 
McMAHON,   Geo.  F.    (Apr.   26,   '17)    3408  Franklin  Blvd.,   Chicago,   111. 
McMANUS,  Joseph  D.   (June  30,  '17)  Asst.  to  Plant  Eng.,  Walworth  Manufacturing 

Co.,    1st    St.,    So.    Boston,    Mass.;    mailing   add.ress,    75    Warren    Ave.,    Marlboro, 

Mass. 
McMILLEN,   Herbert    (July   26,    '18)    Chemist,    National   Carbon   Co.,    Inc.,    Niagara 

Falls,   N.   Y. ;   mailing   address,   501   7th  St, 
McMILLEN,  Russell  Hennen   (Apr.   26,   '17)  Mining  Eng.,   134   Virginia  Ave.,  Aspin- 

wall,  Pa. 
McMULLEN,  G.  P.    (Sept.   23,  "19)  Supt..  clo  The  Rideau  Power  Co.,  Ltd.,  Merrick- 

ville,   Ont.,   Canada. 
McMURTRIE,    D.     H.     (May    2,    '17)     Chem.    Engr.,    Research    Dept.,     Brown    Co., 

Berlin,    N.    H. ;    mailing  address,    147    Main    St. 
McNeill,   Ralph    (Feb.    5,  '03)   Elec.  Eng.,    79   Orange  St..   Newark,   N.  J. 
McNIFF,  Gilbert  P.   (June  25,  '10)   Met.  Eng.,  National  Ti}be  Co.,   1715  Frick  Bldg., 

Pittsburgh,  Pa. 
McNITT,   Robt.   J.    (Mar.   24,  '16)    1   Lewis  St.,   Perth   Amboy,   N.   J. 
McTERNEY,  P.  A.   (Apr.  2,  '19)  Commercial  Engr.,  c|o  General  Electric  Co.,  Power 

&  Mining   Dept.,    Schenectady,    N.   Y. 
McQUAID,   Howard   S.    (June   30,  '17)    1475   Elmwood   Ave.,   Lakewood,   Ohio. 
MacCARTHY,  F.  Brande   (Feb.  27,  '20)  Vice-pres.  and  Gen.  Mgr.,  The  Mineral  and 

Chemical    Co.,   Marysvale,    Utah. 
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MacDONALD,  James  A.    (Aug.   7,  '03)   Vice-Pres.,  United  Verde  Copper  Co.;   mail- 
ing address,   26   Exchange   Place,   New  York  City. 
MacDOUGALL,    Archibald    J.     (Oct.    26,    '17)    National    Electro    Products,    Ltd.,    87 

Church    St.,   Toronto,    Ont.,    Canada. 
MacGREGOR,    Frank    S.    (Sept.    28,   '07)    Asst.    Director,   Development    Department, 

E.   I.   du  Pont  de   Nemours  &   Co.,   du  Pont   Bldg.,  Wilmington,   Del. 
MacGREGOR,  Walter    (Jan.    29,   '10)    125    12th   St.,   Northwest,   Canton,   Ohio. 
MacINNES,   Duncan   A.    (Jan.   25,  '13)    Asst.   Prof.,    Mass.    Institute    of   Technology, 

Cambridge,    Mass. 
MACK,   Harvey  F.    (Jan.    30,  '20)    President,    Eschenbach   Printing  Co.,    225    Church 

St.,    Easton,   Pa. 
MACKE,   C.   J.    (Feb.   28,   '19)    Electrical  &   Purchasing   Eng.,    H.   McClearj-   Timber 

Co.;    mailing    address,    McCleary,    Washington. 
MacKNESS,  C.   F.    (Apr.    25,  '19)   Asst.   Mgr.   of  Electric   Sales  Dept.,  Vickers,  Ltd., 

Vickers   House.    Broadway,    Westminster,   London,    S.   W.    1,   England. 
MACLAY,    E.   G.    (Oct.   24,  '19)    Asst.   Supt.,    Electrolytic    Copper    Refinery;    mailing 

address,    Anaconda   Copper  Mining  Co.,    Great  Falls,   Mont. 
MacMAHON,    James   H.    (Aug.    7,    '02)    Mgr.    Mathieson    Alkali   Works,    Inc.,    Salt- 

ville,  Va, 
MacMAHON,    J.    Douglas     (Aug.     25,    '16)     Asst.    in    Research    Dept.,    Norton    Co., 

Niagara  Falls,   N.  Y. ;   mailing   address.  University  Club. 
MacMILLAN,    J.    R.     (Oct.    23,    '14)    Chief    Chemist,    Niagara    Alkali    Co.,    Niagara 

Falls,   N.  Y. 
MacNUTT,   Barry,   E.E.,   M.S.    (Apr.   3,  '02)   Physics  Lab.,  Lehigh  University,   Beth- 
lehem,   Pa. 
MacPHERSON,    A.    R.     (June    29,    '18)    Chem.,    Sunrise    Bakery;    mailing    address, 

922   S.   L  St.,   Tacoma,   Washington. 
MacRAE,   Duncan    (Oct.    26,   '17)    Research    Chem.,   Westinghouse    Research    Bldg., 

East   Pittsburgh,   Pa. 
MADSEN,   Chas.    P.    (Oct.    22,   '15)    Consulting   Engr.,   33    East    17th   St.,   New    York 

City. 
MAGNUS,  Benjamin    (Apr.   3,  '02)   Consulting  Engr.,  do  H.  M.  Toch,  320  5th  Ave., 

New  York  City. 
MAGNUSSON,  C.   Edward   (May  24,  '18)    Prof,  of  E.  E.,  University  of  Washington; 

mailing  address,  4521   19th  Ave.,   N.  E.,  Seattle,  Washington. 
MAHLMAN,   O.   L.    (Jan.  26,  '17)   Chemist,  Bayonne  Plant,  American  Radiator  Co., 

Bayonne,   N.  J. 
MAHONEY,  Joseph  N.    (Apr.   28,  'IS)   Consulting  Engineer,   615   77th  St.,   Brooklyn, 

N.   Y. 
MAIER,   Chas.   G.    (Dec.    31,   '14)   Research   Chem.,   c|o  Phelps,  Dodge   Co.,   99   John 

St.,  New  York  City. 
MAILLOUX,  C.   O.,  D.Sc.    (Apr.  3,  '02)   Consulting  Elec.    Eng.,   20   Nassau  St.,   New 

York    City. 
MAINWARING,   Wm.    D.    (Apr.    24,    '14)    1118    Chestnut    St.,    Philadelphia,    Pa. 
MAJOR,  Ralph  M.    (Apr.  30,  '20)   Met.,  Driver-Harris  Co.,   Harrison,  N.  J.;  mailing 

address,   35   Baldwin    St.,   Bloomfleld,   N.    J. 
MALINOVSZKY,   Andrew    (Oct.    21,   '16)   Chem.   Eng.,   Malinite   Co.,    22   N.    Douglas 

Ave.,  Belleville,  111. 
MALM,    John    Lawrence     (Aug.    5,    '05)     Electro-Metallurgical     Engr.,     1027     First 

National   Bank   Bldg.,   Denver,    Colo. 
MANAHAN,  Paul  R.   (Apr.  30,  '08)  Rubber  Insulated  Metals  Corp.,  Plainfield,  N.  J. 
MANDELL.   Ambrose  J.    (Feb.   27,  '20)   Metallurgist,   Electrical   Alloys   Co.,   Morris- 
town,   N.  J. 
MANECKJI,    J.    B.    (Apr.    7,   '20)    Elec.    Engr.,    36    Laburnum   Road,    New   Gendevi, 

Bombay,   India. 
MANN,    Chas.    A.,    Ph.D.    (Feb.    24,    '17)    Prof,    of    Chem.    Engineering,    School    of 

Chemistry,    University    of    Minnesota,    Minneapolis,    Minn. 
MANN,    Wallace    W.    (May   5,    '10)    Plant   Mgr.,    Manhattan   Electrical    Supply    Co.; 

mailing  address,    125   Freedom   St.,    Ravenna,    Ohio. 
MANNING,   Harold  C.    (Feb.  27,   '20)   Patent  Attorney,    Columbia  Graphophone  Co., 

Bridgeport,    Conn.;   mailing   address,    203   Golden   Hill    St. 
MANNING,  Paul  DeVries   (Oct.   25,  '18)   Electro-metallurgist,  c|o  Chile   Exploration 

Co.    Laboratories,    202d   st.    and   10th  Ave.,   New   York   City. 
MANTEL,    Charles    (Nov.   30,   'IS)    Chem.   Engr.,    Aluminum   Co.   of  America;   mail- 
ing address,   37   E.  Orvis  St.,   Massena,   N.  Y. 
MANTIUS,   Otto    (Jan.    28,  '08)   Consulting  Engr.,   Room   1103,    15    E.    40th  St.,   New 

York   City. 
MANWARING,  Frederick  G.    (Jan.   30,  '20)    Chem.,  Maywood  Chem.  Co.,  Maywood, 

N.   J. 
MARBLE,  John  Putnam    (June   29,   'IS)    28    Cedar   St.,  Worcester.   Mass. 
MARDEN,  John  W^.    (Nov.  30,  'IS)   2116  Braddock  Ave.,   Swissvale,   Pa. 
MARIE,  Charles.  Dr.  des  Sciences   (Jan.  8,  '04)   9  rue  d«  Bagneux.  Paris  VI,  France. 
MARLATT,  Clyde  D.   (Jan.  30,  '20)  Supt.,  The  Martin  Dennis  Co.;   mailing  address, 

450    Clifton   Ave.,    Newark,    N.    J. 
MARSH,   A.   L.   (May  29,   '09)   Chief  Eng.,   Hoskins   Mfg.   Co.,   Detroit,   Mich.;   mail- 
ing address,   712    Atkinson    Ave. 
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MARSH,    Clarence   W.    (Dec.    26,   '08)    Consulting    Eng.,    101   Park   Ave.,    New   Tork 

City. 
MARSH,    R.    J.    (Sept.    27,    '16)    Chemist   and    Asst.    Supt.,    c|o    R.    Wallace    &    Son 

Mfg.    Co.,    Wallingford,   Conn. 
MARSHALL,  A.  L.    (Oct.   24,  "19)  c|o  Prof.  F.  G.   Dannan,  Chem.  Labs.,   University 

College,   Gower  St.,  London,  W.  C.    1,   England. 
MARSHALL,    G.    G.    (May    24,   "18)    Vice-Pres.,    The    Marshall    Drug   Co.,    Marshall 

Bldg.,   Cleveland,   Ohio. 
MARSHALL,    James    G.    (Sept.    2,    '04)    Asst.    Supt.,    Union    Carbide    Co.,    740    Park 

Place,  Niagara   Falls,  N.  Y. 
MARTENS,   Paul   (Aug.   25,  '17)   Consulting  Chem.,   1   Beechwood  Place,   Elizabeth, 

N.   J. 
MARTIN,     Herbert     (May    23,     '19)     Managing    Director,    Aktiebolaget    Generator, 

Kaptensgatan   11,   Stockholm,   Sweden. 
MARTIN,   James   W.,    Jr.    (June    29,    'IS)    Research   Laboratories,    cIo    Prest-O-Lite 

Co.,  Inc.,  Indianapolis,  Ind. 
MARTIN,  R.  M.    (June   29,  '18)   Florida  Terminal   Co.,   Fernandlna,   Florida. 
MARTIN,    Thos    C.    (Feb.    26,    '10)    42    Morningside   Ave.,    New   York   City;    mailing 

address,  29  W.  39th  St. 
MARUYAMA,   Junkichi   (June  25,  '20)   do  Kogoshima  Electric   Railway  Co.,   Kogo- 

shima,   Japan. 
MARVIN,   Arba  B.,  Jr.    (Apr.   3,  '02)    35    Nassau   St.,   New  York  City. 
MASCHKE,   Otto    (Feb.   27,  '20)    Electrotyper,   Eclipse  Electro  &  Eng.  Co.;   mailing 

address,    5515    Bridge    Ave.,    Cleveland,    Ohio. 
MASON,    Frederic  S.    (July  21,  'ID    92   Beekman  St.,   New  York  City. 
MASON,   Summer   R.    (Jan.    30,   '20)    Chem.   Engr.,  Western   Elec.   Co.;   mailing   ad- 
dress,  607    7th    St.,   Wilmette.   111. 
MASSARI,   Silivic  C.    (Aprii   7,   '20)   Student,  Chemical   Eng.,   Crane  Junior  College; 

mailing  address,   2414    N.   Drake   Avf-.,   Chicago,    111. 
MASSEY,   Mark  F.    (Feb.    28,  '19)    Chief  Draft.«man,   Amm.   Div.,   O.  O.,  War  Dcpt., 
.      Washington,    D.    C;    mailing    address,    918    23d    St.,    N.   W.,    Washington,    D.    C. 
MASTICK,    Seabury   C.    (Feb.    27,   '09)    Ma  stick   &   Lucke,    52   Vanderbilt   Ave.,   New 

York  City. 
MATEER,  Thomas  J.   (May  23,  '19)   Manager,  Missouri  Cobalt  Co.,   Fredericktown, 

Mo. 
MATHER,  Thomas  W^.    (Aug.   22,  '19)   Asst.   Gen.  Mgr.,   c|o   Cerro  de  Pasco  Copper 

Corp.,   Oroya,    Peru,   South   America. 
MATHERS,    Frank   C.    (Feb.    6,  '04)    419    N.   Indiana  Ave.,   Bloomington,   Ind. 
MATHESON,  Howard  W.   (May  24,  '18)   Room  602,  Power  Bldg.,  Montreal.  Quebec. 

Canada. 
MATHEWS,    John   A.    (May   29,    '09)    Pres.,   Crucible   Steel   Co,   of  America,    Pitts- 
burgh, Pa.;  mailing  address,  P.  O.  Box  75. 
MATHEWSON,    E.    P.    (May   27,   '14)    Consulting   Metallurgist,    42    Broadway,    New 

York  City. 
MATHIAS,   D.   L.    (Jan.   28,  '16)    Metallurgist,   clo   Macklntosh-Hemphlll   &   Co.,   803 

Manufacturers  Bldg.,   Pittsburgh,   Pa. 
MATSUSHITA,    Nagahisa  •  (Aug.    25,   '17)    c|o    The   Nippon    Steel    Tube    Co.,    Kawa- 
saki   (near  Tokyo),  Japan. 
MATTHEWS,    Frank    P.     (Feb.    28,    '19)    Electrical    Supt.,    Dryden    Pulp    &    Paper 

Mills;  mailing  address,  Box  No.   107,  Dryden,  Ontario,  Canada. 
MATYAS,  John  Richard    (Feb.   27,  '20)  Student,  Campus  Dorm.  No.   39,   Rensselaer 

Poly.  Inst.,  Troy,   N.   Y. 
MAUELEN,   Frederick    (June  25,  '09)    Baker   &  Co.,   Inc.,   Newark,  N.  J.;   mailing 

address,   99  W.   Wilton  Ave.,    Rahway,   N.  J. 
MAURA N,    Max    (Nov.    6,    '02)    Eng.    and    Asst.    Mgr.,    Castner    Electrolytic    Alkali 

Co.,  Niagara  Falls,   N.  Y. 
MAY,    R.    B.    (Apr.    25,    '19)    Service    Dept.,    c|o    Dayton    Engineering   Labs.    Co., 

Dayton,  Ohio. 
MAYA,   P.   De  Castro    (Nov.   28,   '19)    27   Rue  de  Alfandega,   Rio   de  Janeiro,   Brazil. 
MAYNARD,    Thos.    Poole,    Ph.D.    (June    29,    '18)    Geological    and    Industrial    Eng.. 

Atlanta,   Ga. 
MAYO,   William   B.    (Feb.   27,  '20)    Engr.,   Ford   Motor   Co.,   Detroit,   Mich. 
MAYS,  S.  Warren   (Apr.  22,  '15)  Purchasing  Agent,   511  Fifth  Ave.,  New  York  City. 
MAYWALD,   Frederick  J.    (Apr     3,   '02)    86   Park   Place,   Newark,   N.    J. 
MEADE,   Richard  K.    (Jan.   30,  '20)    Consulting  Chem.   &   Industrial    Engr.,    Richard 

K.   Meade   &  Co.:   mailing  address.    11   E.    Fayette   St.,   Baltimore,    Md. 
MEAKER,   Guy   L.    (July   24,  "14)    Consulting   Eng.,    2  Knapp   Bldg.,   Joliet,  111. 
MEARS,    Brainerd     (Apr.    26,    '17)    Prof     of    Chemistry,    Thompson    Chem.    Labs., 

Williams    College,    Wllliamstown,    Mass. 
MEGROOT,   John   P.    (Nov.    24,    '16)    Electrochem.    Eng.,    Firestone    Rubber   Co.    of 

Akron;    mailing  address,   2127   W.   4Sth   St.,  Cleveland,   Ohio. 
MEIGS,   Curtis  C.    (May   24,  '18)    Electrochemical  Supply   &   Eng.  Co.,   1207   Stephen 

Girard   Bldg.,   Philadelphia,   Pa. 
MEINEKE,   Otto  H.    (Sept.   27,  '16)   422  Parkroad,   Ambridge,  Pa. 
MEISEKOTHEN,  Edwin  E.   (June  25.  '20)  Res.  Engineer,  French  Battery  &  Carbon 

Co.;    mailing   address,    1234    E.   Dayton    St.,    Madison,    Wis. 
MEREDITH,  Wm.  F.   (May  29,  '09)   Titanium  Alloy  Mfg.  Co.,  Niagara  Falls,   N.  T. 
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MERICA,   Paul   D.    (Aug.    27,   '20)    Supt.    of  Research,    Oxford   Works;    mailing   ad- 
dress.  International   Nickel   Co.,  Bayonne,   N.   J. 
MERIZZI,     Giacomo     (June     27.     '19)     IMgr.     and     Member    of    Board,     Tecnomaslo 

Italiano  Beown;   mailing   address.   Viz  Gactono.  CastlUia   21,  Milano,   Italy. 
MERRILL,   Charles  W.    (Feb.   27,   '14)    Pres.,  Merrill   Metallurgical   Co.,    121   Second 

St.,    San    Francisco,    Calif. 
MERRILL.   George   S.    (Apr.    26,   '17)    Asst.    to   Chief   Eng.,   National   Lamp   Works, 

Nela   Park,   Cleveland,   Ohio. 
MERRILL.    Millard    W.     (Apr.    26,    '13)    Asst.    Supt.,    Electrolytic    Copper    Refinery. 

United  States  Metals  Refining  Co.,  Chrome,  N.  J. 
MERSHON,   Ralph   D.    (July   1,  '05)    Consulting   Engr.,  65  W.   54th  St.,   New   York 

City. 
MERZ,   Charles  H.    (Apr.   3,   '02)   Collingswood  Bldgs.,   Newcastle  upon   Tyne,   Eng- 
land;  mailing  address,    32   Victoria  St.,   Westminster,   London,   S.   W.,   England. 
MERZBACHER,    Aaron    (June    25,    '09)    Chemist   and   Metallurgist,    Henry    Disston 

&   Sons,    Tacony,    Philadelphia,    Pa.;    mailing   address,    6942    Tulip   St.,    Tacony. 
METSON,  W.  H.    (May  25,  '17 >   239S  Broadway,   San   Francisco,   Calif. 
METZ.  Gustave  P.    (Apr.   6,  '11)   440  West  End  Ave.,   New  York  City;   res.,  95  Elm 

St.,    Montclair,   N.   J. 
METZ,  H.  A.   (Apr.  3,  '02)   122  Hudson  St.,  New  York  City. 
METZGER,   F.  J.    (Feb.   27,  '20)    Mgr.,   Chem.  Development,  Air  Reduction  Co.,    120 

Bioadway,    New   York   City. 
MEYER,    Albert   R.    (May   23,    '19)    156   Ivy   St.,   Coolidge   Corner,    Mass. 
MEYER,  John  W.    (Oct.   7,  '05)    109  9th  Ave.,   Haddon  Heights.   N.   J. 
MEYERS,   Herbert  H.    (June  26,   '14)    Res.   Chemist,   Mellon   Inst,   of   Industrial  Re- 
search,   Pittsburgh,    Pa. 
MILLER,    AUin    A.    (Feb.    24,   '17)    Mgr.,    Railway    &   Lighting   Division,    Westing- 

hou-e    Electric   &   Mfg.   Co.,    1400    Alaska    Bldg.,   Seattle,    Washington. 
MILLER,  Alan  B.    (Oct.    25,   '18)    Combustion   Engineer,   Singer  Manufacturing  Co., 

Elizabethport,   N.   J.;   mailing   address.   115   Catherine  St.,   Elizabeth,   N.   J. 
MILLER,  B.   H.    (Oct.  24,  '19)   Engineer,  The   Parmutit,  Co.,   440  Fourth  Ave..  New 

York  City;   mailing   address,    1064   Madison   Ave. 
MILLER,   Daniel   (Feb.   25,  '16)    117  W.  Windsor  St.,   Reading,   Pa. 
MILLER,   Duight  D.    (Oct.    26,  '17)    Engineer,    15  Park   Row,   New   York   City. 
MIIJ.ER,    D.    R.    (Oct.    25,   'IS)    Secretary-Treas.,    c|o    FitzGerald    Labs.,    Niagara 

Falls,   N.   Y. 
MILLER,    Ernest    B.     (June    29,    '18)    Operating    Vice-Pres.,    Davison    Chem.    Co.; 

mailing   address,    1100    Garrett   Bldg.,    Baltimore,    Md. 
MILLER,   Levi  B.    (Jan.   29,  '09)   Electrochemist,   General  Electric  Co.,    West  Lynn, 

Mass.;    mailing  address,    18S   Washington    St.,    Lynn.    Mass. 
MILLER,   L.    F.    (Aug.    22,    '13)    Room   18,   Dept.   of   Physics,   Univ.   of  Minnesota. 

Minneapolis,   Minn. 
MILLER,    Samuel   W.    (June    27,   '19)    Proprietor,    Rochester    Welding   Works,    349 

Orchard  St.,   Rochester,    N.    Y. 
MILLER,   Walter    (Jan.   26,  '17)   1624   S.   Madison  Boulevard,   Tulsa,   Okla. 
MILLER,  Dr.  W.  Lash   (Apr.  3,  '02)   50  St.  Albans  St.,  Toronto,  Canada. 
MILLIGAN,   Lowell   H.    (Apr.    2,   '19)    Graduate  Work,    Dept.   of  Chemistry,   Cornell 

University,    Ithaca,    N.    Y. 
MILLS,   J.    E.,    Ph.D.    (Apr.    16,   '03)    Science   Hall,   University   of    South   Carolina, 

Columbia,   S.   C. 
MINE,    Seiryo    (Feb.    22,   'IS)    Consulting   Engr.,    c|o    Kiso   Electric    Power    &    Steel 

Co.,   Minami   Nagashimacho,    Nagoya,   Japan. 
MINER,  Harlan  S.  (May  1,  '07)  Chief  Chemist,  c|o  Welsbach  Light  Co.,  Gloucester 

City,   N.  J. 
MIRO,  Anton   Rius   (Sept.   30,  '18)   Arrabal  Alta  Jesus  20,  Reus,   Spain. 
MITCHELL,   Guy  K.    (Sept.   23,  '19)   Pres.,  Standard  Electric  Machy.  Co.;  mailing 

address,   7  and   9   E.   Hill   St.,  Baltimore,   Md. 
MITCHELL,    Robert   W.    (Apr.   2,    '19)    120  Winthrop   St.,   Wlnthrop,    Mass. 
MITCHELL,    Wm.    E.    (July    26,    'IS)    Asst.    Gen.    Mgr.,    Alabama   Power    Co.,    Bir- 
mingham, Ala.;   mailing  address,    1501   S.   16th  Ave. 
MITMAN,  Wm.  T.   (May  2,  '17)   70S  W.  Main  St.,  Knoxville,  Tenn. 
MIZE.   Maynard  D.    (Jan.  30,  "20)   clo  Empire  Gas  &  Fuel  Co.,  817  Empire  Masonic 

Bldg.,  Bartlesvllle,  Ohio. 
MOERK,  Frank  N.  (Apr.  22,  '15)  Chemical  Eng..  4729  N.  15th  St.,  Philadelphia,  Pa. 
MOFFAT,   James  Wm.    (Apr.   29,   '11)    366   Sackville   St.,   Toi-onto,   Ont.,   Canada. 
MOLDEXKE.    Richard    (Jan.    29.   '09)    Consulting    Metallurgist,   Watchung,    N.   J. 
MOLTKEHANSEX.   Ivan  Juel   (Jan.   6,  '03)   Gen.   Mgr.,   Fredriksstad  Electrochem- 

iske  Fabriksstad,  Norway. 
MOMMO,    Ernst    J.    (Apr.    2,    '19)    Lab.    Asst.,    Public    Service    Elec.    Co.;    mailing 

address.   365   Dodd  St.,  East   Orange,  N.  J. 
MONROE,    Edwin    Augustus    (Feb.    28,    '19)    House    Electrician,    The    Kansas    City 

Rys.    Co.;   mailing  address,   3605   Summit   St.,    Kansas   City,   Mo. 
MOODY,   Dr.    Herbert   R.    (June   29,   '07)    Prof,   of  Industrial   Chem.,   College   of  the 

City  of  New   York,   Convent   Ave     and   140th    St..    New   York   City. 
MOODY,   Walter  S.    (Apr.    2.   '19)    Chief   Eng.   Transformer  Dept.,    General   Electric 

Co..  155   Dawes  Ave.,   Pittsfield,   Ma.ss. 
MOORE,    Chas.  W.    (Sept.    30,  '18)    37   Riverside  Ave.,   Red  Bank.   N.   J. 
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MOORE,   Edward  T.    (July   30,  '20)    Electrical   Engr.,   Halcomb   Steel   Co.,   Syracuse, 

N.  T. 
MOORE,    Hugh   Kelsea    (Feb.    25,    '16)    Chem.    Eng.,    Brown    Co.;    mailing    address, 

93   Prospect   St.,    Berlin,   N.   H. 
MOORE,    J.    R.    (Jan.    28,   '18)    Electro-metallurgist.    Oakmont,    Pa. 
MOORE,    Leonard   J.    (Sept.    23,   '19)    Electrical    Engr.,    c|o    San   Joaquin   Light    & 

Power  Corp.,   Fresno,   Calif. 
MOORE,    R.    W.    E.    (June   29,    'IS)    Gen.    Engr.,    Westinghouse    Elec.    &   Mfg.    Co., 

East  Pittsburgh,   Pa. 
MOORE,   Wm.   C.    (Feb.    27,   '14)    Research   Chemist,    U.    S.    Industrial   Alcohol   Co., 

Baltimore,    Md. ;    mailing   address,    4110   Fernhill   Ave. 
MOORE,  W.   E.    (Sept.   27,  '16)   Pres.,  W.  E.   Moore   &  Co.,  Engrs.,   706   Union  Bank 

Bldg.,   Pittsburgh,   Pa. 
MOORHOUSE,  L.  B.    (May  24,  '18)   Industrial  Heating  Eng.,  H.  L.   Doherty  &  Co.; 

mailing  address,   2458   Hollywood  Ave.,   Toledo,   Ohio. 
MOORMANN,  Thos.  A.    (Nov.   30,  '18)    111  Latta  Ave.,  Columbus,   Ohio. 
MOREHEAD,   J.   M.    (Feb.   5,   '03)    42d  St.   Bldg.,   New   York   City. 
MORELAND,   Watt   L.    (Apr.    26,  '16)    Gen.    Mgr.,   Moreland   Motor   Trust   Co.,   1701 

N.  Main  St.,   Los  Angeles,  (ialif. 
MOREY,   Stephen   R.    (Apr.    29,   '11)    12    Prospect   Drive,   Yonkers,    N.    Y. 
MORGAN,   Harry  J.    (Sept.   27,   '16)    1380  West   59th   St.,   Cleveland,    Ohio. 
MORGAN,  Dr.  J.  Livingstone  R.   (Apr.  3,  '02)   Columbia  University,  New  York  City. 
MORGAN,   N.   I.    (Apr.   25,  '19)    Res.   Engr.,   Northern   Electric   Co.,    Montreal,    Can- 
ada;  mailing  address,   92  St.   Mark   St.,   Apt.  2,  Montreal,  Canada. 
MORITZ,   C.  H.    (Apr.   4,   '03)   cjo  Aluminum   Co.   of  America,    Niagara  Falls,   N.   Y. 
MORLEY,   M.   Howard   (June   29,   'IS)    Metallurgical   Engineer,   International    Paper 

Co.,   Niagara  Falls,   N.   Y. 
MORRIS,  Albert  W.  (Jan.   26,  '17)  Pres.  of  Morris  Metal  Products  Corp.  of  Bridge- 
port,   Conn.;    mailing  address,    54    Buckingham    St.,    Springfield,    Mass. 
MORRIS,    John   W.    (Apr.    2,    '19)    Supt.,    Elec.    Dept.,   Reid   Newfoundland   Co.,    St. 

John's,  Newfoundland;   mailing  address,    P.  O.  Box   823. 
MORRISON,    A.    Cressy    (Apr.    25,    '19)    Union    Carbide    &    Carbon    Corp.;    mailing 

address,   30    E.    42d  St.,    New   York   City. 
MORRISON,   Montford   (Feb.   1,  '19)    Consulting  Eng.,  Victor  Electric   Corp.;   mail- 
ing address,   236   S.   Robey   St.,   Chicago,   111. 
MORRISON,   Walter  L.    (Feb.    26,   '10)    Metallurgical   Engr.,    869   East  30    N.,   Port- 
land,  Oregon. 
MORSE,  H.   E.   (Apr.   25,  '19)   Metallurgist,  American  Steel  &  Wire  Co.,  Worcester, 

Mass.;   mailing   address.    100   June  St. 
MORSE,   Willard   S.    (Jan.    29,   '09)    Director  American   Smelting  and  Refining   Co., 

120    Broadway,    New   York   City;    mailing   address,    Seaford,    Delaware. 
MORTIMER,    James  D.    (Dec.    30,   '16)    Pres.,   The    North   American   Co.,    30    Broad 

St.,   New  York   City. 
MOTT.  W.    R.,    B.S.    (Mar.   5,   '03)    National   Carbon   Co.,    Cleveland,    Ohio;   mailing 

addres.s,    1586    Cohasset  Ave.,   Lakewood,    Ohio. 
MOTTINGER,    Byron    T.    (Apr.    24,    '14)    Chief  Eng.    &    Master    Mechanic,    c|o    The 
Quaker    City    Rubber    Co.,    Wissinoming,    Philadelphia,    Pa.;    mailing    address, 
1123    Harrison  St.,    Frankford,   Philadelphia,   Pa. 
MOULTON,    Ernest    (Jan.    30,   '20)    190   North   Sth   East   St.,    Payson,    Utah. 
MOUNTFORD,    Frank  H.    (Feb.    28,   '19)    American   Trona   Corp.,   Trona,    San   Ber- 
nardino Co.,   Calif. 
MOXHAM,   A.  J.    (Apr.   30,  '20)   Pres.,   The  Virginia  Haloid  Co.,   Parr,  Virginia. 
MOYER,   Grant  C.    (Jan.   29,  '09)    Laboratory  Assistant,   FitzGerald   Labs.,   Niagara 

Falls,   N.   Y. 
MUEHLBERGER,    Clarence    W.    (Feb.    27,    '20)    Student,    Armour    Inst,    of    Tech,; 

mailing   address,   4   Williams   St.,    Hammond,    Ind. 
MUENCH,    Reinbold    K.     (Nov.    24,    '16)     3096    S.    Logan    St.,    Denver,    Englewood 

Station,    Colo. 
MUESER,  Emil  E.   (Feb.  25,  '16)  Vice-Pres.  &  Gen.  Mgr.,  J.   M.  Lehmann  Co.,  Inc., 
101   Varick  St.,   New   York  City;   mailing  address,   100  Morningside  Drive,   New 
York  City. 
MUGGLETON,  G.  D.  (Apr.  25,  '19)  Supt.,  Niagara  Smelting  Corp.;   mailing  address. 

Drawer   C.    Bridge   Station,    Niagara   Fall.'^,    N.   Y. 
MUIR,   J.  M.    (Mar.   26,  '10)  Vlce-Pres.,   McGraw-Hill   Co.,   Inc.,   10th  Ave.  and  36th 

St.,  New  York  City. 
MULLIGAN,  J.   J.    (Oct.   23,  '14)   138   Crosswicks  St.,   Bordentown,   N.   J. 
MUMMA,    Paul    F.     (July    30,    '20)    Student,    Lehigh    University;    mailing    address, 

A.   T.   O.   House,  Bethlehem,   Pa. 
MUNCH,   James   C.    (May  24,  'IS)    Riverdale,   Md. 

MUNN,  James  C.  (Sept.  23,  '19)  Business  Mgr.,  Chemical  and  Metallurgical  Engi- 
neering; mailing  address,  cjo  McGraw-Hill  Co.,  533  Leader  News  Bldg.,  Cleve- 
land, Ohio. 
MURAHASHI,  Sokichi  (Nov.  24,  '11)  Metallurgical  Eng.  and  Director,  Nippon 
Metal  Co.,  Kobe,  Japan;  mailing  address,  Nishinada-Kawara,  Muko-gun, 
Hyogo-Ken,  Japan. 
MUREN,   Albert   L.    (Feb.   1,  '19)   1016  Virginia  Park,  Detroit.   Mich. 
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MURER.  Johan    (June  27.  '19)   Supt..   Norsk  Aluminum  Co..   Ltd.:   mailing  address, 
Hoyanger.  Norway.  Schenectady.   N.  Y. 

Mui''HSHEfM,''FSr^'i.  A.  (Nov.  2.,  'OS,  President.  Ho..,  A..or.  New  To* 
MTEES.  wra'..™s'^\F."?5:  'IS.  Director  Chilean  Nitr.t.  Committee;  malUng 
NAGKr'will1L''S"S°o";s-n';'rPrira„?'£r..  W.  G.   ...,,  Klec.  CO.,  malUn. 

ghe'ny   Ave..   N.   S     Pittsburgh.  Pa.  Marunouchi, 

NAKAHARA,   Seizo    (May  24,     18)   Chem.   ii-ns.,    Laa  ^ocm  ^ 

NAKA°Muki'  M^himasa   (Sept.  23.  '19)   Laboratory.   Nagasaki  Dock  Yard.  Naga- 

KiATlA^b"^YSo  (April  7.  ■20)  Mitsui  &  Co..  65  Broadway.   New  York  City. 
nIkIS    kllj     (Fel   "l    -i?)  Managing  Director.  c|o  Osaka  Sieren  Co..  Osaka  Smelt- 

T^^hj^i^':^^^^-^^^'^-^  ^^Technology,    Imperial    Kioto 

-^SF^l3^Hr  S  SV  pSrst-^^V^...on.   D.   C. 

SIJgHTEN  James  (Apr.  7.  '20)  Manager.  Royal  Development  Co.;  mailing  ad- 
dress,   BOX    62S,    Butte     Mont.  Lockport.   N.  Y. 

^llt    John  R."h.  VApr-.'-^e^'^m    Member   of   Firm.   Neal   &   Co..    685    Front   Ave., 

NEEDHAM,  Har^y  H.  (Mar.  26.  '15)  Tech.  Engr.,  International  General  Elec.  Co., 
Slf  ?^l^-^H^-c,^?^:.  !l^:^SV^^^estern  Sugar  Co., 
NEs'T^OR^thn'^F.'  ( Apr. '^r-T7 ) ""puter.  General  Electric  Co.;  mailing  address. 
NEVILrE'Ne!}\oct.'^l^"\8'?^M;t..  Electric  Furnace  Construction  Co..  908  Chest- 
NEWKIRK.''Edgar''D^''(June  30,  '17)  Treasurer,  c|o  Onondaga  Steel  Co.,  Inc.. 
NE^'poTT"F?ld%.    (July   30.^0)    ^-cl^jighU   Nevada.    ^^^^  ^^^^^^^    ^^ 

^I'c^ll:  ^m"  ^^T^ia;^'3.^V6)^C^haf\rof  th/^  of  Directors.  Allied  Chem- 

ical &  Dye  Corp     61  Broadway    ^ew  York  C^O  •  Director.    Standard 

^^"^°^S  ^-erfulei:'°Lid^'  mL^iin?ldress.^f  Billyarl    Ave..    Elizabeth    Bay. 

KICHO^Llo/^'KJ'nne^th  C.  (May  24.  '18)  Chief  Chemist.  Standard  Chem.  Co.: 
^^^^^mTadd^ess.    240   N.   Central   A^.Canonsburg     Pa  ^^^^^^^^   ^^^^^^ 

^^"Sfco..''B"^ost^n,^raL.?m^?ilnJ°ad"d'Jesl.  m2  Massachusetts  Ave..  Cam- 
NILSSEN^'j'arn;    (Feb.    24.   '17)    Chief   Electrical   Eng..    RJukan   Saltpeterfabriker. 

Rjukan,   Norway.  Takehava-cho.  Koishikawa.   Tokyo,   Japan. 

SIiglgl\v?A\^Krei7jan.^^2y^Vo)"c,rSr8   Kaguraoka,   Yoshida    St.,    Kyoto, 

Japan.  Ppsearch   Eng.,    Mitsubishi   Kogyo   Kenkinsho 

NISHIOKA,    Shintaro    (Dec.    26,     1»)    Kesearca    t.iis  , 

Gongendai,   Shinagawa,   Tokyo    Jfpan  chemical   Co..   Dayton.   Ohio. 

^J^I^Ts^O^  Robert  U^e^^9.^.%)^iniT\lg?.!^HLlliSsworth  ^  Whitney  Co.,  Water- 
NOGEL!'wm."G.  (Jan.  26.  '17)  Pres.  and  Mgr  The  W.  G.  Nogel  Elec.  Co.:  mail- 
.OlirHi^%rYsl-^L^VA?r^%."'Ur'E^^in?er-2,  lida-machi,  4  Chome.  Ko.i- 
.OI^^:^o.^J^T.2)^Hercules  Po..er^o  ----",^1.^^^  ^^^^ 
^^°"Jl^c^r";rhe?mic^Corp/636'°ES\'ate"^t.?   Trenton,     N.    J.;     mailing    address. 

Princeton.  N.  J. 
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NORTON,   William   S.    (Feb.   28,  '19)    Elec.   Engineer,   Rellly   Electrotype   Co.,   and 

Rime-Factor   Indicator   Co.;   mailing   address.    10   Grove   St.,    New    York   City. 
NOTES,  Harry  L.   (Feb.  25,  '16)  Chief  Eng.,  Union  Carbide  Co.,  Niagara  Falls,  N.  Y. 
NOYES,  J.   D.    (Oct.   24,  '19)   Sales   Engr.,  c|o   Detroit  Edison  Co.,   1132  Washington 

Blvd.,   Detroit,  Mich. 
NULSEN,   J.    K.    (Oct.   29,  '20)   Vice-Pres.,   c|o   The  Nudsen    Corp.,   St.   Louis,  Mo. 
NUTTING.    E.    G.    (Dec.    30,    '16)    Chemist,    The    Carborundum    Co.,    Niagara    Falls, 

N.   Y.;    mailing  address,   c|o   Carborundum   Co.,   Research   Dept. 
O'BRIEN,    Alfred    L.    (May    24,    '18)    Chief   Chem.,    Anaconda    Copper    Mining    Co., 

Anaconda,   Mont. 
O'DO.VOVAN.    James   S.    (Feb.    28,    '19)    Chief    Electrician,    Spang    Chalfont   &   Co., 

Inc.;   mailing  address,   410   Western   Ave.,  Aspinwall,   Pa. 
O'HARRA.    B.     Marbel     (June    27.    '19)     Supt.,    American    Smelt.    &    Refining    Co., 

Omaha,   Neb.;  mailing  address.   1120  S.   30th  Ave. 
O'NETL..    Robert   Dey    (Aug.    25.    '17)    Supt.,    Republic   Chem.    Co.;   mailing  address, 

P.    O.    Box   946,   Pittsburgh,    Pa. 
O'NEILL.   William   J.    (July    26,   '18)    c|o   Westinghouse    Electric   International   Co., 

2nth   Floor.    165    Broadway,    New  York  City. 
O'REILLEY,    J.   Jos.    (June   29,   '18)    Chemist,    Miami    Copper   Co.,    P.    O.    Box   100, 

Miami,  Ariz. 
OATMAN,    Atwood  B.    (Dec.    26,    '19)    Sales   Engr.,   Acheson   Graphite   Co.;   mailing 

address,    312   Jefferson   Ave.,  Niagara  Falls.   N.  Y. 
OBER.   Julius  E.   (Apr.   24.   '09)   c|o  West  Penn  Steel  Co.,   Brackenridge,  Pa. 
OFFERHANS.    W.   R.    (May   21,  '20)    71   Clifton    Ave.,  Niagara   Falls,  Ont.,  Canada, 
OFFUTT.  J.  W.    (June   27.  '13)   Supt.,  Shelby  Steel  Co..   Ellwood   City,  Pa. 
OGDEN.   John    (Sept.    27,    '16)    Pres.,    American   Gold    &    Platinum    Co..    637    Symea 

Bldg.,  Denver,  Colo. 
OGLE.   Haakon   L.   (Nov.   28,  '19)   Electrochemical  Engr.,   Det  Norske   Aktleselskap 

for    elektrokemisk    Industri;    mailing   address,    50    Eilevt   Sundtsgt,    Kristlania, 

Norway. 
OHASHI.  Fusanorl  (Feb.  28,  '19)  Ueslgning  Engineer,  Shlbaura  Engineering  Works, 

Shiba.    Tokyo,    Japan. 
OHLIGER,    L.    P.    (Mar.    22.   '18)    Res.   Chem.,   U.    S.    Light  &  Heat   Corp.,    Niagara 

Falls,   N.   Y. ;    mailing  address,   321   First    St. 
OLDATH.   Frederick  Wm.    (June   29.  'IS)  Teacher  of  Chem.,   Reading  High  School; 

mailing   address,    2008    N.    Marvine    St..    Philadelphia.    Pa. 
OLDRIGHT.    G.    L.    (June   30,   '16)    Met.    Engr.,    1096   Knott   St.,    Portland,    Oregon. 
OLSEN.    T.    S.    (Nov.    26,    15)    Det    Norske    A/S   for   Elektrokemisk   Industri,    Kris- 
tlania,   Norway. 
OLSSON.    Henning    (July   26.  '12)    Mgr.  Director.   Aktiebolaget,   Jarnbruksfornoden- 

heter,    Hammagatan    1  A,   Stockholm,    Sweden. 
ONODA,   Nao.il  P.    (Oct.    26,   '18)    Met.    Eng.,    Tsuda   &  Co.,   Osaka,  Japan;   c|o  Mrs. 

Crother.    600   W.    169th   St..    New   York    City. 
ORDWAY.    D.    L.    (May   5.   '10)    Assistant   Director,   Research   Laboratory,    National 

Carbon  Co.,  Cleveland,  Ohio;  mailing  address,  1428  Ridgewood  Ave.,  Lakewood, 

Ohio. 
OSBORNE.    Sidney    E.     (Jan.    28,    '16)    Asst.    Eng..    Hooker    Electrochemical    Co.; 

mailing   address,    170   Buffalo   Ave.,   Niagara  Falls,   N.   Y. 
OSHIMA.    Yoshikiyo,    Dr.    Ing.    (July    30,    '09)    Engineering    College,    Toklo    Impe- 
rial  Univ.,  Tokio,  Japan. 
OSTHEIMER,  John   W.    (June   25,  '09)   Ingenieur  des  Arts  &   Manufactures,  3,  rue 

Rabelais.   Paris,   France. 
OSWALD.    Earl    P.    (Apr.    2.   '19)    Consulting    Engr.,    Utility   Compressor   Co.,    1163 

Harper   St.,   Detroit,   Mich.;   res.,   186  Vancouver   St. 
OTT,  John  T.   (Jan.  30,  '20)   638  Marston  Ave..  Detroit,  Mich. 
OWEN.    Frederick    E.     (Jan.    30,    '20)    Pres.,    The    Electrical    Refractories    Co.,    E. 

Palestine,    Ohio. 
OWENS,  Ernest  W.   (Feb.  24,  '17)   Chemist,  Pittsburgh  Steel  Co.;  mailing  address, 

1161    Maple   Ave.,    Monessen.    Pa. 
PACK,   Charles    (June   29,    '18)    Chief  Chem.   &   Met.,   clo  Doehler   Die  Casting  Co.. 

Court  and  Huntington  Sis.,  Brooklyn.  N.  Y. 
PAGE.  George  S.   (May  29.  '09)  Mgr..  Parks  Works,  Crucible  Steel  Co.   of  America; 

mailing  address.  7212   Thomas  Blvd..  Pittsburgh,  Pa. 
PALEN.    A.    G.    Paul    rjuly    25.    '19)    Mining    Engr.,    Patentaktlebolaget,    Jungners 

Kallcement.    Stockholm,    Sweden. 
PALMAER.  K.  W.    (June  27.  '19)   Prof.,   Royal  Inst,  of  Technology,   Sweden;   mail- 
ing   address,    Teknlska   Hogakolan,    Stockholm,    Sweden. 
PALMER.   Chas.   Skeele    (Oct.   26,  '17)    4333   Dakota   St..    Schenly   Heights,   Uptown 

Station.   Pittsburgh.   Pa. 
PALMER.    Chas.    Shattuck    (Apr.    2.'>,   '19)    Fellow   In   Chemistry.   Univ.    of   111.,    254 

Chem.   Bldg.,  Univ.   of  111.;  Urbana,   111.;   mailing  address,    1115  W.   California 

Avp..   Urbana.   III. 
PALMER.  Wm.   R.    (May  29.   '09)   Pres.,  The   Hartford    Electric   Steel   Corp.,   Rocky 

Hill.   Cnnn. ;    mailing   address,    33    Sherman    St.,    Hartford.    Conn. 
PARAVTCINI.    R.    (July   25.   "19)    Via  Cappuccio   11.   Milan,   Italy. 
PARDOE,  Williams  D.   (Feb.  27,  '20)   Chief  Chem.,  Thermold  Rubber  Co.,  Trenton, 

N.  J. 
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PARKER.  James  Heber   (Nov.    26,   '10)    Metallurgist,    Carpenter  Steel  Co.;   mailing 

address,   Wyomissing,    Pa. 
PARKER,  L.   R.    (Dec.   26,  '19)  Power  Engr.,  Michigan   Light   Co.,  Jackson,  Mich. 
PARKHL-RST,   C.  W.    (Sept.    26,   'OS)    Cynwyd,    Pa. 
PARKHURST,    I.   P.    (Oct.    21.   '16)    Kinsley,    Kansas. 
PARKINSON,   Jos.  C.    (Feb.   25,  "ID    704   Third   Ave.,    Tarentum,   Pa. 
PARKS.   R.   E.    (May   22,   '14)    Tallahassee   Power  Co.,    Badin,    North    Carolina. 
PARMELEE     H.     C.     (June     28.    '12)     Editor,    Chemical     and     Metallurgical    Eng., 

McGraw-Hill   Co.    Bldg.,    10th    Ave.   and   36th    St.,    New    York   City. 
PARR.    Samuel    W.    (January    7,    '05)    Prof,    of    Applied    Chemistry,    University    of 

Illinois,    Urbana,    111. 
PARSONS,    Prof.    Chas.    L.    (Oct.    29,   'OS)    Secretary,   American    Chemical   Society, 

1709   G    St.,   N.   W..   Washington,    D.   C. 
PARSONS.    Prof.    Louis  A.    (Apr.    3,    '02)    Prof,    of    Physics,    Pennsylvania   College, 

Gettysburg,    Pa. 
PATCH,    Nathaniel   K.   B.    (Jan.    23,  '14)    Secy,   and  Works   Mgr.,   Lumen   Bearing 

Co..  Buffalo,  N.   Y. 
PATON,    George    K.    (April    7,   '20)    Electrical    Engr.,   The   Aluminum  Corporation, 

Ltd..   Dologarrog,   North  Wales,  Great  Britain. 
PATTERSON.   C    Thomas    (Oct.   3,  '17)    209   Prospect  St.,   Herkimer.   N.   Y. 
PATTERSON.    Lloyd    G.    (June    29,    'IS)    Furnace    Supt.,    American   Cyanamid    Co.; 

mailing    address,    905   Walnut    Ave.,    Niagara    Falls,    N.    Y. 
PATTERSON,  T.  A.   (Sept.  27,  '16)   c|o  Niagara  Alkali  Co.,  Niagara  Falls,   N.  Y. 
PAUL.    Henry  N.    (Apr.  3.  '02)    1815  Land   Title  Bldg.,   Philadelphia,   Pa. 
PAULSSON,  N.  A.  V.  (June  30,  '17)  Chief  Con.sulting  Engr.,  126  State  St.,  Albany, 

N.   Y. 
PEAKES,    Gilbert    L.    (Feb.    28,    '19)    Electrical    Engr.,    Gen.    Bakelite    Co.,    Perth 

Amboy,    N.    J. 
PEARCE.   J.   Newton    (Apr.    29,  'ID   Prof,   of  Physical   Chemistry,    State  University 

of   Iowa.    Iowa    City,    Iowa:    mailing    address,    714.  Iowa   Ave. 
PEARCE.    W.    C     (Sept.    23,   '19)    Supt.,    Syracuse    Lighting   Co.;    mailing   address, 

465  Allen  St.,   Syracuse,  N.   Y. 
PECK.   Edward  B.    (Jan.   30,  '20)   Research   Chem.,   Roessler  and  Hasslacher  Chem. 

Co.,   Perth  Amboy,   N.  J. 
PECK.    Eugene    C.     (May    5,    '10)    General    Supt.,    The    Cleveland    Twist    Drill    Co., 

Cleveland,    Ohio;    res.,   6719    Euclid   Ave. 
PECK.   Edgar  Lyle   (Sept.   30,   '18)    420  N.    14th   St.,   Centerville.   Iowa. 
PEDDER.  John  (Apr.  27,  '12)  Chemist,  West  Virginia  Pulp  &  Paper  Co.,  Luke,  Md. 
PEDERSEN.    Arthur    Z.    (Aug.    25,    '16)    Manufacturing    Chemist,    78    Mt.    Pleasant 

Ave..  West  Orange,   N.  J. 
PEDERSEN.  Harold  C.   (Feb.   27,  '20)  Prof,  of  Metallurgy,  The  Tech.  High  School; 

mailing  address,  P.B.    189,  Trondhjem,   Norway. 
PEILER,    Karl    E.     (Apr.    27,    '12)    Mechanical    Engr.,    W.    A.    Lorenz,    Hartford, 

Conn.;  res.,  23  Concord  St. 
PEIRCE,  Wm.   H.    (Apr.   6,  'ID   Vlce-Pres.   &   Gen.   Mgr.,   Baltimore  Copper  Smelt- 
ing &  Rolling  Co.,  P.  O.  Station  J,  Baltimore,   Md. 
PEIRSON,    Christopher    L.     (May    24,    '18)    Chem.,    Mitchell    &    Peirson,    36th    and 

Reed   Sts.,   Philadelphia,  Pa. 
PENNIE.  John  C.   (May  29,  '09)   Attorney-at-Law,   35  Nassau  St.,   New  York  City; 

res..   The  Porterfield,   612  W.   112th  St. 
PENNOCK.    John    D..    A.B.    (Apr.    2,    '04)    Chief   Chemist,    cIo    Solvay   Process    Co., 

Syracuse,   N.   Y. 
PERLEY,   George  A.    (Apr.  26,  '13)   Asst.  Prof,  of  Physical  Chemistry,  New  Hamp- 
shire College,   Durham,  New  Hampshire;   mailing  address,  c|o  Nitrate  Division, 
Ordnance   Dept.,    6th    and   B   Sts.,   Washington,    D.    C. 
PETERS,   F.   F.    (Oct.   21,  '16)  Westport,   Conn. 
PETERS,  Melville  F.   (June  27,  '19)  Metallurgist,  Mineral  Point  Zinc  Co.,  Box  258, 

Depue,   111. 
PETERSON,     Julius  C.   (Apr.  2,  '19)    524   Central   Bldg.,   Seattle,  Washington. 
PETINOT,    Napoleon    (Apr.    24,    '09)    Electro-metallurgical    Eng.,    cjo   U.    S.    Alloys 

Corp.,    30   E.    42d  St.,   New  York   City. 
PETTEE,    C.   L.  W.    (Aug.   25,  '16)    Owner  and  Mgr.,   Labs,  of  Chas.   L.  W.  Pettee, 

P.   O.   Drawer  9,   Hartford,   Conn. 
PFANSTIEHL,   Carl    (Sept.   27,   '16)    Pres.   Special  Chemicals  Co.,   Highland  Park, 

111.;    mailing   address.    Wood   Path,    Highland    Park,    111. 
PHILIPP,   Herbert    (Nov.   6,   '03)    c|o   Dicks,   David  Co.,   22d   St.   and   Stewart  Ave., 

Chicago   Heights,   111. 
PHILLIPS.   Carroll  Alfred   (Feb.   27,  '20)   Student,  Lawrence  College;   mailing  ad- 
dress.   741    Harris   St.,   Appleton,  Wis. 
PHILLIPS,    Ross    (Nov.    6,    '03)    Manufacturing    Chem.,    R.    P.    Chemicals,    Canan- 

daigua,    N.  Y. ;   mailing   address,    330   N.   Main   St. 
PICKARD,   Greenleaf  Whittier   (July   26,  '18)   Vlce-Pres.  and  Tech.   Director,  Wire- 
less Specialty  Apparatus  Co.;    mailing  address,   59  Dalton    Road,   Newton   Cen- 
ter,  Mass. 
PICKENS,   Rufus  H.    (Jan.   27,  '12)   Southern  Public  Utilities  Co.,  Clemmons,  N.   C. 
PICKERING,   Oscar  W.    (Oct.  2,  '02)  76  Bennett  Ave.,  Arlington,  N.  J. 
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PICKETT,  Oscar  A.  (Jan.  30,  '20)  Chem.,  Experimental  Station,  The  Hercules 
Power  Co.,   Kenvll,   N.   J.;   mailing  address,   Ann  St.,   Dover,   N.  J. 

PIERCE,  James  B.,  Jr.  (May  25,  "17)  Asst.  to  Pres.,  Rollin  Chem.  Corp.,  P.  O. 
Box  932,  Charleston,  W.  Va. 

PIKE.   Robt.   D.    (Dec.   30,  '16)    Chem.    Eng.,   22   Battery    St.,    San   Francisco,    Calif. 

PINKERTON,    Andrew    (Apr.    3,   '03)    Box   427,    Pittsburgh,    Pa. 

PITCHER,  Albert  M.  (Apr.  28,  '18)  Warner-Klipstein  Chem.  Co.,  Inc.,  South 
Charlestown,   W.  Va. 

PITMAN.  Earle  Carver  (Apr.  28.  'l.S)  Chemical  Eng..  E.  I.  du  Pont  de  Nemours 
&  Co.,   Parlin,  N.  J. 

PLATTS,  John  C.  (Dec.  28,  '17)  Chief  Chemist,  Armstrong,  "Whitworth,  of  Canada, 
Ltd.,   Montreal,   P.   Q.,   Canada;   mailing   address,    218   Birch   Ave.,   St.   Lambert. 

PLOCK,  Albert  F.  (Apr.  26,  '17)  President,  Pittsburgh  Metallurgical  Co.,  Niagara 
Falls.  N.   Y. 

POETSCHKE,  Paul  (Apr.  25,  '19)  Director,  Dept.  Chemistry,  L.  D.  Caulk  Co.. 
Milford,  Del. 

POMPEIA.   Jonas   (Mar.   22,  '18)   Rua  General  Jardin   87,  Sao  Paulo,   Brazil. 

POPE,  Chas.  E.  (Feb.  25,  '11),  Pres.,  Coal  &  Coke  By-Products  Co.;  mailing  ad- 
dress,   421   Wood   St.,   Pittsburgh,    Pa. 

PORRO,  Thomas  J.  (Jan.  26,  '17)  Chemist,  Stanlford  Lab.,  Tacoma,  Wash.;  mail- 
ing address,  3716   N.  26th  St. 

PORTER,  Harry  F.  (Apr.  28,  '18)  Treasurer,  Ajax  Electrothermlc  Corp.,  Trenton, 
N.   J. 

FORTH,  Henry  W.  (Oct.  25,  '18)  Chem.,  c|o  Manhattan  Elec.  Supply  Co.,  45  Morris 
St.,  Jersey  City,  N.   J. 

PRANKE,  Edward  J.  (June  29,  '18)  Mgr.,  Service  Bureau,  c|o  American  Cyanamid 
Co.,  511  Fifth  Ave.,   New  Tork  City. 

PRATT,  E.  B.  (Dec.  26,  '13)  Pres.,  The  Electric  Process  Steel  Co.;  mailing  ad- 
dress,  308   Seader  Bldg.,  Cleveland,  Ohio. 

PRATT,    Frederick   S.    (Apr.    3.   '02)    Stone   &  Webster,    147   Milk   St..    Boston.   Mass. 

PRATT,  L.  A.  (May  21,  '20)  Head  of  Research  Lab.,  Merrimac  Chem.  Co.;  mail- 
ing  address,    303   Washington   St.,  Winchester,   Mass. 

PRICE     Bernard   (Apr.   7,   '20)    Box   2671,   Johannesburg,    So.   Africa. 

price!  Edgar  F.  (July  3,  '02)  42d  St.  Bldg.,  Cor.  42d  St.  and  Madison  Ave.,  New 
York  City. 

PRICE,  Wm.  B.  (Mar.  27,  '14)  Chief  Chemist,  Scovill  Mfg.  Co.;  mailing  address. 
Ill   Euclid   Ave.,   Waterbury,   Conn. 

PRINCE,  Geo.   W.   (July   25,  '19)  U.   V.  X.   Smelter   Supt.,   Clemenceau,   Ariz. 

PRINDLE,  Edwin  J.  (Jan.  8,  '04)  Prindle,  Wright  &  Small,  Patent  Lawyers.  28 
Prospect   St..   East   Orange.   N.   J. 

PRITCHARD,  David  Arthur  (Oct.  26,  '17)  Electrochemical  Supt.,  United  Alkali 
Co.;    mailing    address,    "The    Gables,"    Farnworth,    near    Wldner,    Lancashire. 

PROCHAZKA,  J.  Albert  (July  26,  18)  Chem.,  Central  DyestufT  &  Chem.  Co.. 
Newark.  N.  J.  ^  ...,,,      „ 

PROCTOR  Charles  H.  (Apr.  29,  '11)  Expert  In  Electro-deposition  of  Metals.  Roess- 
ler  and  Hasslacher  Chem.  Co..  100  William  St.,  New  York  City;  mailing 
address.   264   Argyle  Place,  Arlington,  N.  J. 

PROSSER,  H.  A.  (Dec.  2,  "05)  Vice-Pres.,  American  Smelting  &  Refining  Co.,  120 
Broadway,   New  York  City. 

PUGH,  A.  H.,  Jr.  (May  24,  '18)  Pres.,  A.  H.  Pugh  Co.,  4th  and  Pike  Sts.,  Cincin- 
nati, Ohio. 

PUGH,  James  W.  (Jan.  30,  '20)  Anaconda  Lead  Products  Co.;  mailing  address, 
6515   Ellis  Ave.,    Chicago,    111. 

PULMAN,  Oscar  S.   (May  26,  "10)   496  Madison  Ave.,  Albany,   N.  Y. 

PULSIFER,  H.  B.  (Nov.  24,  '16)  Asst.  Prof,  of  Metallurgy,  Lehigh  University, 
Bethlehem,   Pa.;   mailing   address.    Box   567. 

PUTNAM,  Geo.  I.  (Jan.  30,  '20)  Chief  Textile  Chemist,  Mohawk  Valley  Cap  Fac- 
tory;  mailing  address,   1220  Miller  St.,  Utica,  N.  Y. 

PUTNAM,  William  R.  (Oct.  21,  '16)  Vlce-Pres.  and  Gen.  Mgr.,  Idaho  Power  Co., 
Boise,   Idaho.  „        ^,. 

PYNE,  Francis  R.  (Dec.  2,  "05)  Works  Supt.,  U.  S.  Metals  Refining  Co.,  Chrome, 
N.' J. ;  mailing  address,  29  Scotland  Road,  Elizabeth,   N.  J. 

QUEENY,  John  F.  (June  1,  '07)  Pres.,  Monsanto  Chem.  Co.,  1800  S.  2d  St.,  St. 
Louis,   Mo. 

QUENEAU,   A.  L.   J.    (May  1,  '06)   Jemeppe   s/Meuse,  Belgium. 

QUINAN,  Kenneth  B.  (Jan.  8.  '04)  Chief  Chem.,  deBeer's  Explosive  Works,  Dyna- 
mite  Factory,    Somerset   West,    Cape   Colony,   Africa. 

RACKOFF,  Adolph  A.  (Jan.  30,  '20)  Machine  Designer,  Duquesne  Steel  WTcs.; 
mailing   address,   P.  O.   Box  2,   Wllkinsburg,    Pa. 

RAEDER,  Bjorn  (Jan.  23,  '14)  Manager,  A/S  Frink.,  Skansen  Holmenkallen  St., 
pr.    Kristiania,   Norway.  ,    „,  ,_       ,  , 

RAETH  Frederick  C.  (Dec.  29,  '11)  Instructor  In  Chem.  and  Electrochemistry, 
School  of  Engineering  of  Milwaukee;  mailing  address,  373  Broadway.  Mil- 
waukee,  Wis.  .  ,„  ,         ,  ,  i     ,     •  ,, 

RAFN.  William  (Nov.  28.  '19)  Research  Chemist,  Det  birsje  A/S  for  elektrokemisk 
Industri.   Toldbodgaden   24.    Kristiania,   Norway. 
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RAHILL,   Edward  J.    (Jan.    30,  '20)   Jr.   Research   Chem.,   Roessler  and   Hasslacher 

Chem.   Co.;   mailing  address,   174    Hughes  Ave.,  Buffalo,   N.   T. 
RAIBOURN,    Paul   A.    (Oct.    25,   '18)    Eng.    Accountant,    Eng.    Dept.,    Westinghouse 

Lamp   Co.,    Bloomfield,    N.    J.;    mailing    address,    65   Central    Park,    West,    New 

York  City. 
RAIMONDO,  Sebastiano  (June  30,  '17)   Room  521,  80  Maiden  Lane,   New  York  City. 
RALSTON,  Oliver  C.   (July  2.'?.  '15)   Supt.,  Seattle  Experiment  Station,  U.  S.  Bureau 

of  Mines,  Seattle,  Wash. 
RAMAGE,    A.    S.    (May    6,    '05)    Consulting    Chem.,    1644   Woodward    Ave.,    Detroit, 

Mich. 
RAMSAY,  Andrew  (Feb.  22,  '18)  President,  Andrew  Ramsay  Co.,  Mount  Savage,  Md. 
RAMSEY,   Frank  H.    (Jan.   23,   '14)    c|o  Standard   Oil  Co.,   Box   16,   Elizabeth,   N.   J. 
RANDALL,    A.    G.    (Sept.    27,    '16)    Chief   Chemist,    Corn    Derivatives    Co.,    Omaha. 

Neb.;   mailing  address.  4286  Wirt   St. 
RANDALL,  J.  W.  H.    (Jan.  29,  '09)    2094  Creston  Ave.,   New  York   City. 
RANDALL,   Merle   (Nov.   27,  '09)   Asst.  Prof,   of  Chemistry,   Chemistry  Bldg.,  Univ. 

of   Ca,lif      BerkclGV     0£tlif 
RASMUSSEN,  F.   J.    (Oct.   24,  '18)   148   Rector   St.,   Perth  Amboy,   N.   J. 
RAUTH,    John    W.    (Sept.    27,    '16)    Prof,    of    Chemistry,    Mt.    St.    Mary's    College. 

Emmitsburg,   Md. 
READ,    William   C.    (Jan.    30,   '20)    Electro-metallurgist.    Electro-Metallurgical    Co., 

Niagara  Falls,   N.   Y. ;   mailing  address,    149   Highgate   Ave.,    Buffalo,    N.   Y. 
READETTE,    John    (Apr.    26,    '17)    Electroplater,    Rockford    Silver    Plate    Co.,    312 

Soper  Ave.,   Rockford,   111. 
REDFIELD,   C.   S.    (Apr.   26,  '16)    Technical   Director,   Dunlop  Tire  &   Rubber  Corp. 

of  America,   Buffalo,   N.  Y. ;  mailing  address,   48   Irving  Place,  Buffalo,   N.  Y. 
REED,  A.  C.    (June   29,  '18)   Asst.    Material   Eng.,   Bu.   C.   &   R.   Navy.    Washington. 

D.  C. ;   mailing  address,    1450   Newton  St.,   N.   W. 
REED,  Avery  H.    (Apr.  6,  '11)   Supt.  of  Mines,  Rosiclare  Lead  and  Fluospar  Mines. 

Marion,   Ky. 
REED,  C.   J.   (Apr.  3,  '02)   507  Brannan  St.,   San  Francisco,  Calif. 
REED,    David   C.    (Apr.    2,    '19)    Chemist,   c|o   American    Ever   Ready  Works,    Long 

Island    City,    N.    Y. 
REED,  John  C.    (Apr.   29,  'ID  Elec.   Eng.,   Bethlehem  Steel  Co.,   Steelton,    Pa. 
REED,    Leander    N.    (Feb.    28,    '19)    Sales    Engr.,    165    Broadway,    New    York    City; 

mailing  address,  152  Park  Ave.,  Arlington  Heights,  Mass. 
REED,  S.  Albert  (June  1,  '15)  113  E.  55th  St.,  New  York  City. 
REEDY,   John   H.    (Feb.   28,   '19)   Asst.   Prof,   of  Inorganic   Chem.,   Dept.   of   Chem., 

University    of   111.,   Urbana,    III. 
REESE,  Chas.  L.    (June  27,  "19)   Chem.  Director,  E.   I.  du  Pont  de  Nemours  &  Co., 

Technical  Library,   Chemical,   Dept.,   Wilmington,   Del. 
REESE,   P.    P.    (May    29,   '09)    Chicago    Steel    Foundry   Co.,    37th   and    Kedzie   Ave., 

Chicago,    111. 
REES.    Richard  R.    (Feb.    27,  "20)    c|o   Neptune  Meter  Co.,    192   Jackson   Ave.,   Long 

Island  City. 
REEVE,  Amos  G.    (Nov.   26,  '07)    Research  Dept.,   Oneida  Community,   Ltd.,   Ken- 
wood, N.  Y. 
REEVE,   H.   T.    (Mar.   24,'    16)   Chief   Scientist,   American   Optical   Co.,   Southbridge, 

Mass. 
REICH,   J.   Sydney   (Aug.   25,  '16)   324   S.   Frazler  St.,   Philadelphia,  Pa. 
REID,    George    H.     (Feb.    28,    '19)    Electro-Metallurgical    Co.;    mailing    address,    30 

East  4 2d  St.,  New  York  City. 
REID,   R.    R.    (May   25,   '17)    Grasselli   Chemical   Co.:   mailing  address,    1496    Arthur 

Ave..   Lakewood,   Ohio. 
REINBOLD,   Dr.  Herman   (Oct.   21,  '16)    President.   Reinbold   Metallurgical  Co.,    308 

Wilkinson    Bldg.,    Union    Station.    Omaha,    Nebraska. 
REINBOLD,    Hugo    (June    29,    '18)    Chemist    and    Metallurgist,    Reinbold    Metallur- 
gical Co.,  723  Omaha  National   Bank  Bldg.,   Omaha,   Neb. 
REINDERS,    Wm.    (June    27,    '19)    Prof.    In    Physical    Chem..    Scheikundig   Labora- 

torium,  Technische   Hoogeschool,  Westvest   24,   Delft,   Holland,   Netherlands. 
REINHARDT,  W.   L.   (June  25,  '20)   Chemical  Engr.,  Willard  Storage   Battery  Co., 

246   E.   131st   St.,   Cleveland,   Ohio. 
REIST,    Henry    G.    (Sept.    26,    '08)    Designing   Eng.,    General   Electric   Co.,    Schenec- 
tady, N.  Y. 
RENO,    Jesse    W.    (May   23.    '19)    Cons.   Engr.,    Otis   Elevator   Co.,    684    St.   Nicholas 

Ave.,  New  York  City. 
RENTON.    -W.   L.    fOct.    26.    '17)    W.    L.    Renton    &   Co.;    mailing   address.    16    Jarvis 

St.,  Hamilton,   Ont.,  Canada. 
REYERSON,    Lloyd      H.    (July    30,    '20)    Instructor   in   Chemistry;   mailing  address. 

Chemistry  Bldg.,   University  of  Minnesota,   Minneapolis,   Minn. 
REYMOND,   P.  LeG.    (Sept.   23," '19)    Research   Eng.,  Federal   Electric  Co.,   Chicago, 

111.;   mailing  address.   4114  Irving  Park   Blvd.,   Chicago,  111. 
RHOADS.  Albert  E.    (June   29.   '18)   Metallurgist,  c|o  Detroit  Electric   Furnace   Co., 

642  Book  Bldg.,   Detroit,   Mich. 
RHODIN,   B.  E.   F.    (Nov.   26,   '15)    904  Pacific  Ave..  Atlantic   City,   N.   J. 
RICE.   E.  W..   Jr.    (Aug.   22.   '19)    President.   General  Electric   Co.:    mailing   address, 
102  Lenox   Road,   Schenectady,    N.   Y. 
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RICH,   Wtn.  J.    (May   26,  '10)    Principal   Examiner,  U.   S.   Patent   Office,   Room   175, 

Washington.   D.    C. 
RICHARDS.    Louis  M.,   E.   M.    (May   24,  '18)    1401   Rlalto   Blvd.,  Venice,   Calif. 
RICHARD.'^.    Dr.    Jos.    W.     (Apr.    3,    "02)    Prof,    of    Metallurgy,    Lehigh    University, 

Bethlehem,   Pa.;    mailing  address,   231    E.   Market   St. 
RICHARDS,    Percy    J.     (Nov.    24,    '16)    Chemist    with    J.    W.    Richards,    Assayer    & 

Chemist.    lllS   19th   St.,   Denver,  Colo. 
RICHARDS.   Dr.   T.  W.    (June   3,  '05)   Prof,  of   Chemistry,  Wolcott  Glbbs   Memorial 

I.ati..    Cambridge,    Mass. 
RICHARDS,    W.    Stedman    (Apr.    7,   '20)    Consulting   Chemist,   220   "Washington   St., 

Boston.   Mass. 
RICHARDSON.   C.   N.    (Dec.   30,   '16)    2517  Wisconsin  Ave.,   Washington,  D.  C. 
RICHARDSON,    Elwood   A.    (Apr.    S,   '11)    National   Lamp   Wks.   of  Gen.    Elec.   Co., 

1133    E.    152d    St.,   Cleveland,   Ohio. 
RICHARDSON,   L.  T.    (Apr.  6,  '11)   Chem.  Engr.,   Cutler-Hammer  Mfg.   Co.,   N.  Y.; 

mailing  address,  9  Livingston  Ave.,   New   Brunswick,   N.   J. 
RICHARDSON,    W.    D.    (Sept.    24,    '10)    Chief    Chemist   and    Chem.    Eng.,    Swift    & 

Co..   Chicago,   111.;    res.,    4215    Prairie  Ave. 
RICHEY,   Wm.    A.    (Jan.    20,   '20)    Head   of   Wks.    Lab.,    National   Carbon    Co.,    Inc.. 

Jersey  City  Wks.;   mailing  address,   734  Franklin  Ave.,    Nutley,  N.  J. 
RICHTER,   George  A.    (Feb.   25.   '16)    Chem.    Eng.,   Brown   Co..    Berlin.   N.    H. 
RICKETTS,   Louis  D.   (Apr.  24,  '14)   Consulting  Eng.,  42   Broadway,  New  York  City. 
RIDEAL.    Eric    K.    (Feb.    27,    '20)    Prof.    Dept.    of    Physical    Chem.,    Univ.    of    HI.; 

Urbana.   111. 
RIDGWAY,   Raymond  R.    (April  7,  '20)   Student,   Mass.  Institute  of  Tech.;   mailing 

address,   Box  189,   M.  I.  T.,   Cambridge.   Mass. 
RIGLANDER,   Moses  M.   (Apr.  6,  '11)   President,   Multiple  Unit  Electrical  Co.,  New 

York   City;    mailing  address.   57    Maiden   Lane. 
RIKER,   John   J.    (Mar.    5,   '03)    Merchant,    19    Cedar   St.,   New  York    City;    mailing 

address.  Box  93,   Wall   St..   Station,  New  York  City. 
RILEY.   L.   A.,  2d    (Aug.   25,   '16)    Practicing    Eng.,   Room   607,    Terminal   Bldg.,   103 

Park  Ave.,   New  York  City. 
RING.   Charles  L.   (Jan.  30,  '20)   Chief  Chem.   &  Met.,  Ohio  Steel  Fdy.  Co.,  Spring- 
field,  Ohio. 
RIPPEL,    Ernest   G.    (Oct.    23,    '14)    Consulting    Met.,    Buffalo   Foundry    &    Machine 

Co.;   mailing  address,   941  West  Ave.,  Buffalo,   N.  Y. 
RITTENHOUSE,  Edward   (Aug.   25,  '16)   Glen  Loch,  Pa. 
RITTMAN,  Walter  F.    (Feb.    27,  '20)    Chem.   Eng.,   Alpena,  Mich. 
ROBB.   Charles  D.    (Nov.   27,   '09)   Essex   Falls.    New  Jersey. 
ROBBINS,   Charles    (Feb.    2S,   '19)    Asst.    Sales  Mgr.,   Westinghouse   Elec.    &   Manu 

facturing   Co.,   East   Pittsburgh,  Pa. 
ROBERTS.  C.   H.   M.   (June  30.  '17)   The  Cordova,  Washington,  D.  C. 
ROBERTS.   G.   I.    (Feb.    24,   '17)    Gulf   Refining   Co.,    Port   Arthur,   Texas. 
ROBERTS.    Ovid   E.    (Jan.   30,   *20)    Major,   Chemical   Warfare  Service,   Unit  F,    7th 

and   B   Sts.,    N.   W.,   Washington.   D.   C. 
ROBERTS,    W.    S.    (Apr.    25,   '19)    First   Lieut.,    Signal   Corps  U.    S.    Army;    mailing 

address,   402d  Tele.   Bu.,   American   E.  F.,   France. 
ROBERTSON,   Frederick  D.   S.   (Feb.  28,  '19)  Consulting  Metallurgist  and  Chemical 

Eng..  Toronto  Power  Co.;  mailing  address.  P.  O.  Box  273.  Toronto,  Canada. 
ROBINSON.   Almon    (Apr.   3,   '02)   Webster   Road,   Lewiston,   Maine. 
ROBINSON,   Frederick  W.    (May  25.   '12)   Chemist,    The   Hanovia  Chemical   &   Mfg. 

Co..   Newark,   N.  J.;  res.,  1011  Broad  St. 
ROCKWELL.   Robert  L.    (Jan.   30,  '20)   Consulting  Engr.,   Suite   955,  Empire   Bldg., 

S6a,ttl6    Wa.sh 
RODMAN,   C.   J.    (July  16,   '18)    Res.   Chem.,  Westinghouse  Electric   Mfg.   Co.,   East 

Pittsburgh,  Pa.;  mailing  address.  Research  Lab.,  Westinghouse  Elec.  &  Mfg.  Co. 
RODMAN,  Hugh   (Apr.  3,  '02)  c|o  Rodman  Chemical  Co.,  Verona,  Pa. 
ROESS.   Harold  (Feb.   27.  '20)  Student,  Clarkson  College  of  Tech.;  mailing  address, 

27  Bav  St.,   Potsdam,   N.   Y. 
ROESSLER,  Dr.  Franz   (July  31,  '07)   Vice-Pres.   and   Supt.,  Roessler  &  Hasslacher 

Chemical  Co.,   Perth   Amboy,   N.  J. 
ROGERS,  Charles  B.    (May  23.  '19)    Sec.  and  Treas.,  Rogers  Foundry  &  Mfg.  Co., 

Joplin,   Mo. 
ROLLER,    F.    W.    (Apr.    3.   '02)    Electrical   Instruments    (Machado    &   Roller),    233 

Broadway.   New   York  City. 
ROLL-HANSEN,     Cay     (Sept.     27,    '16)     Matallurglst,     c|o    De    Norske    Saltverker. 

Bergen,  Norway. 
ROLLI.N,    Hugh    (Mar.    24,   '16)    1st   Nicholas   Bldgs.,   Newcastle-on-Tyne,    England. 
ROMANELLI,    Emilio    (Jan.    28,   'ID   21   Willard  Ave.,   Bloomfleld,   N.   J. 
RONDELLI.    C.    (Feb.    27,   '20)    c|o   Sestrom   Co.,   Ltd.,   Alderman's   House.   Bishops- 
pate.    London,    E.   C.   2,    England.  . 
ROSENFELD.   Joseph  R.    (Nov.   30,  '18)   Student,  Pa.  State  College,   609   Porter  St., 

Philadelphia,  Pa, 
ROSENGARTEN,    Geo.    D.     (Apr.    29.    'ID    Vlce-Pres.,    Powers-Welghtman-Rosen- 

garten  Co..   P.   O.   Box   1625,   Philadelphia.   Pa.;   res..  Malvern,  Pa. 
ROSENHOLTZ.  Joseph  L.    (April  7.  '20)   Instructor  of  Chemistry,  Rensselaer  Poly- 
technic Institute;   mailing  address.   167   First   St.,   Troy,   N.  Y. 
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ROSENSHINE.  Leon  J.  (July  25,  '19)  Manager,  Socledad  Explotacora  de  Caylloma, 

Arequipa,  Peru.  S.  America. 
ROSS.    Bennett   B.    (Feb.    27,   '14)    Alabama   Polytechnic   Inst.,   Auburn,    Ala. 
ROSS.   Edgar  S.    (Oct.   25,  'IS)   Research   Chem.,  New  Hampshire   College,   Durham, 

N.   H. ;   mailing  address,  Box   367. 
ROSS,  Edward  E.    (Jan.  30,  '20)  \A'estinghouse  Elec.  &  Mfg.  Co.,  Union  Bank  Bldg., 

Pittsburgh,  Pa.;   mailing  address,  744   Kelly  Ave.,  Wilkinsburg,   Pa. 
ROSS,    Elbert    (Feb.    27,    '20)    Foreman    of    Res.    Dept.,    Electro-Metallurgical    Co.: 

mailing  address,    2004   Whirlpool   St.,    Niagara    Falls,    N.   T. 
ROSS,    J.    D.    (Feb.    27.    '20)    Supt.    of    Lighting.    City    of    Seattle;    mailing   address, 

516   30th  Ave..   South  Seattle,   Wa.^hington. 
ROSS.  William    (May  29,  '09)   Niagara  Falls  Chemical  Co.,   Niagara  Falls,  N.  Y. 
ROSSI,  A.   J.   (Apr.    3,  '02)    Electro-metallurgist,   Box   745,   Niagara  Falls.   N.   T. 
ROSSI.   Dotter  Carlo    (Mar.   23,   "12)    Legnano    (Milan),   Italy. 
ROSSI,  Louis  M.    (Jan.   29,  '10)   Chemist,   Works  Mgr.,   General  Bakellte   Co.,  Perth 

Amboy,   N.  J.;   mailing  address,   135   Rector  St. 
ROST,  Helge  F.    (May   23,  '19)    Chief   Engr.,    Empress   &   Telefonos  Ericsson;   mail- 
ing address,   Apartado  Postal   1S15.   Mexico  D.  F.,   Mexico. 
ROTH,   Charles  F.   (Oct.    22,  '15)   141  East   36th   St.,   New  York  City. 
ROUMBANIS,    Demetrius    C.     (Feb.    28,    '19)    Electrical    Engineer,    111    Queen    St., 

AVest.  Toronto,  Ont.,   Canada. 
ROUSE,    Edwin    W..    Jr.     (Feb.    27,    '09)    Asst.    Supt.,    Baltimore    Copper    Smelting 

&  Rolling  Co.,  Baltimore,   Md. ;  mailing  address,   3529   Newland   St.,   Guilford. 
ROUSH,  Gar.  A.    (Feb.   6,  '04)  Asst.   Prof.,  Dept.   of  Metallurgy,   Lehigh  University, 

Bethlehem,   Pa. 
ROWE.   Allan   W.    (July   30,  '20)    Prof,   of  Chemistry,    Boston  University;   maillne 

address,   295  Cominonwealth  Ave.,  Boston,  Mass. 
ROWE.  G.  N.  W.    (July  25,  '19)   Casilla  418,  Antofagasta,   Chile. 
ROWLAND,    Floyd    E.    (Jan.    30,    '20)    Oregon   State   Agricultural    College;    mailing 

address,  105  Mines  Bldg.,  Corvallis,  Ore. 
ROWLAND,    Japer   W.    (Nov.    26.   '15)    Construction    Eng.,   Hooker   Electrochemical 

Co.;   mailing  address,   531   Buffalo  Ave.,  Niagara   Falls,   N.   Y. 
RUBY.  Charles   E.    (Nov.   24,  '16)    403   E.  Chestnut  St.,    Louisville,  Ky. 
RUFFNER,  Charles  S.    (Jan.  26,  '17)  The  North  American  Co.,  30  Broad  St.,  New 

York  City. 
RUH,   Carl    H     (Feb.    28,   '19)    Chem..   U.    S.   Metals    Refining   Co.,    P.    O.    Box    35, 

Millstone,   N.  J. 
RUHL.    Louis    (Dec.    2,    '05)    Asst.    Secy.,    The    Roess'.er    &   Hasslacher    Chem.    Co., 

709-717    Sixth  Ave.,    New   York   City;   mailing  address,   P.   O.    Box   119,   Times 

Square  Station. 
RUHM,    H.    D.    (June   29,    '18)    Chemical   Broker,    136   Liberty   St.,    New   York  City; 

residence,   205  W.   89th   St. 
RUHOFF,  O.   E.    (Oct.   21.  '16)   Eng.,  French  Battery   &  Carbon  Co.,   Madison,   Wia. 
RUPPEL.  Henry  E.  K.   (May  29.  '09)   Chemist,  Gillette  Razor  Co.;  mailing  address. 

66   Willow   St.,   Wollaston,   Mass. 
RUSHMORE,    David    B.     (Apr.    3,    '02)    Eng.,    Power    and    Mining    Dept.,    General 

Electric   Co.,    Schenectady,    N.    Y. 
RUSSELL,   Bert    (Sept.   23,   '19)    Patent  Attorney,   with  R.   F.   Steward,   McLachlan 

Bldg.,    Washington,    D.    C. ;    mailing    address,    R.    F.    D.    2,    Via    Chevy    Chase, 

Washington,  D.   C. 
RUSSELL,  Chas.  J.   (Apr.  3,  '02)   General  Commercial  Manager,   The  Philadelphia 

Electric  Co.;   mailing  address,   1000   Chestnut   St.,   Philadelphia,   Pa. 
RUSSELL,    Christopher    Augur    (May    27,    'ID    Works    Mgr.,    National    Carbon    Co., 

Cleveland,  Ohio;  mailing  address,   1543  Belle  Ave.,  Lakewood,  Ohio. 
RUSSELL.   David    A.    (May    24.  "IS)    Chief    Chem..   The   Youngstown    Sheet   &   Tube 

Co.;    mailing  address.    115   W.    Glenaven    Ave.,    Youngstown,   Ohio. 
RUSSELL,    L.    K.    (June    29,    '18)    Prof,    of    Chemistry.    Clarkson    College   of  Tech.; 

mailing  address,   6    Lawrence  Ave.,   Potsdam,   N.   Y. 
RUTHENBURG,  Marcus   (Apr.   3,  '02)   Metallurgical   Eng.,   401   Jersey   St.,   Buffalo, 

N.   Y. 
RYAN.  Frederick  J.    (July  26,  '18)  Pres.,  F.  J.  Ryan  &  Co.,  Franklin  Trust  Bldg., 

Philadelphia,   Pa.;   mailing   address,    517   Arbutus  St.,   Germantown. 
RYAN.    Harris  J.    (Nov.    30.   '12)    Prof.   Electric   Eng.,   Leland   Stanford   University, 

Stanford   Univ.   P.    O.,   Calif. 
RYAN.   Roger  W.    (Oct.   24,  '19)   Res.   Chemist.   5548  Drexel   Ave.,   Chicago,   111. 
RYKENBOER,    Edward    A.     (Apr.    28,    '18)     Res.    Chem.,    Roessler    &    Hasslacher 

Chem.   Co..   19  Mentz  Apartments,   Niagara  Falls.  N.  Y. 
SACHS,  .Albert  P.   (May   24,  '18)    Technical   Director.  Byron,  Heffernan  &  Co.,   Bay- 
way.    Elizabeth,    N    J.;   mailing  address,   1523   Madison    St.,   New  York  City. 
SACKETT.    Benjamin    (Feb.    27.   '20)    Student,    Delaware    College;   mailing   addresa, 

307  Union  Ave.,   Swarthmore,   Pa. 
SADTLER,    Dr.    Samuel    P.    (Apr.    3.   '02)    Consulting    Chem.,    S.   P.   Sadtler   &    Son, 

210   S.   13th   St.,   Philadelphia,   Pa. 
SADTLER,   Samuel  S.    (Apr.  3.  '02)    Pres.   Samuel  P.  Sadtler  &  Son,  Inc.;  mailing 

address.   210   S.    13th   St.,   Philadelphia,   Pa. 
SAETER,  Hallvard  B.  (June  29,  '18)  Mech.  Eng.,  Skippergt.  30,  Kristlanla,  Norway. 
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SAKLAT\VAI.LA,   B.   D.    (May  26,  '10)    Vanadium  Corporation  of  America,   Bridge- 

ville,  Pa.;  res.,    14   Creighton  Ave.,   Craford,   Pa. 
SALMON,   Clarence  P.    (Feb.   27,  '20)   Student,  Lehigh  University;   mailing  address, 

532  Seneca  St.,  Bethlehem,  Pa. 
SALOM,   Pedro    G.    (Apr.    3,   '02)    Commonwealth   Trust   Bldg.,    12th   and   Chestnut 

Sts.,  Philadelphia,  Pa. 
SALTER,   Charles   (Apr.   30,   '20)   55  Albert  Terrace,   Leeds,   England. 
SAMMONS,    William    R.    (Sept.   23,    '19)    Commercial    Mgr.,   c|o   Knoxville    Ry.    and 

Light  Co.,   Knoxville,  Tenn. 
SANDS,    H.    S.    (May    2,    '17)    Mgr.,    Industrial    Division,    Westinghouse    Electric    & 

Mfg.   Co.,  1052  Gas  &  Electric  Bldg.,  Denver,   Colo. 
SANTILLAN,   R.  A.    (Apr.   30,  '20)  Secretary,  Sociedad  Clentifica  "Antonio  Alzate," 

Mexico,  D.  F.,   Mexico. 
SARGENT,    Frank    C.     (Jan.    29,    '09)    Vice-Pres.,    Charles    H.    Tenney    &    Co.,    201 

Devonshire   St.,   Boston,   Mass. 
SARGENT,  Geo.  J.    (June  29,  '18)    156  West  S4th  St.,  New  York  City. 
SARGENT.   Geo.    Wm.    (Apr.    29,   '11)    Metallurgist   and   Chem.,    Electric   Reduction 

Co.,  Washington,   Pa. 
SATO,    Hisao     (June    25,    '20)     Chief    Metallurgical    Engr.,    Mitsui    Kamioka    Mine, 

Funatsu   Hida,   Japan. 
SATOH,   Hirota   (Feb.    2S,   '19)    Professor,   Akita  Mining  College,   Akita,  Japan. 
SAUMS,    Harry    L.    (Apr.    2S,    'IS)    Electrical    Instrument    Maker,    Fyro-electric    In- 
strument  Co.;    mailing  address,    907    Pennington   Ave.,    Trenton,    N.    J. 
SAUNDERS,  Prof.   A.   P.    (Apr.    3,   '02)   Hamilton   College,   Clinton,   N.   Y. 
SAUNDERS,    Earl    H.     (Feb.    27,    '20)     Asst.    Met.,    Standard    Parts    Co.;    mailing 

address,    1454   West   77th   St.,   Cleveland,   Ohio. 
SAUNDERS,  Harold  F.   (May  24,  '18)  Chemist,  c|o  Frank  Hemingway,  Inc.,  Bound 

Brook,    N.   J. 
SAUNDERS,   Lewis  E.    (Dec.   26,  '07)   34  Elm   St.,  Worcester,  Mass. 
SAUNDERS,   Walter   M.    (Mar.   27,  '09)    Saunders   &  Franklin;    mailing  address,    20 

Dewey   St.,  Providence,   R.   1. 
SAVAGE,   Percy  G.    (Apr.  28,  'IS)  Resident  Mgr.,  Norton  Co.,  Niagara  Falls,  N.   Y. 
SCHAAF,   Downs    (June  30,  '17)   The  Bonney  Floyd  Co.,   Columbus,   Ohio. 
SCHABACKER,    H.    Eric    (Oct.    26,    '17)    Works   Mgr.,    Exolon   Co.,    Thorold,    Ont., 

Canada. 
SCHAMBERG,   Meyer    (Dec.   27,   '07)    Chemist   and   Mining   Eng.,   1S41    N.    17th    St., 

Philadelphia,   Pa. 
SCHANTZ,   J.   Mack   (Jan.   30,   '20)   Chem.,    Hercules  Powder   Co.;   mailing   address. 

Technical   Club,   Kenvil,  N.  J. 
SCHAPIRO,   Hugo    (Oct.    22,   '15)    Chief  Chem.,    The   Ohio    Match    Co.,   Wadsworth, 

Ohio. 
SCHILDHAUER,   Edward    (Dec.    26,   '08)    c|o   Stenotype   Co.,   Indianapolis,    Ind. 
SCHILDT,  Henry  R.   (Jan.  30,  '20)   Chief  Chem.,  Midland  Linseed  Prod.  Co.;  mail- 
ing address,   453   E.   119th  St.,   New  York  City. 
SCHILLING,   H.   A.    (April   7,  '20)   Chief  Chemist,  Braebun  Steel  Co.,   Braebun,   Pa. 
SCHIMERKA,  Francis  S.   (June   27,  '19)    Research  Engr.,   720  Mundy  Ave.,   Apr.  2, 

El  Paso,   Texas. 
SCHJELDERUP,   Gunnar   (Dec.   26,  '19)   Met.   Engr.,  British   America  Nickel   Corp., 

Ltd..   The   Citizen  Bldg.,    Spark   St.,   Ottawa,   Ont.,    Canada. 
SCHLEEDER,  L.  Bertram   (Apr.   29,  '11)   S6  Trumbull   St.,   New  Haven,   Conn. 
SCHLOSS,  Joseph  A.    (Jan.   29,  '09)    Ore  Buyer,   P.   O.   Box  957,  New  York   City. 
SCHLOTH,    Arthur    C.     (Sept.    23,    '19)    Electrical    Engineer,    General    Electric    Co.: 

mailing  address.  Turbine  Engineering  Dept.,  General   Electric  Co.,   Lynn,  Mass. 
SCHLUEDERBERG,    Carl   G.    (Feb.    2,   '06)   Asst.   to   Mgr.,    Supply   Dept.,   Westing- 
house    Electric    &    Mfg.    Co.,    East    Pittsburgh,    Pa.;    mailing    address,    210    N. 

Craig  St.,   Pittsburgh,  Pa. 
SCHLUNDT,   Prof.    Herman    (Nov.    5,  '04)   Prof,    of  Physical  Chemistry,    University 

of  Missouri,  Columbia,   Mo. ;  mailing  address,   303  Hicks  Ave. 
SCHMELZ,    Ernest  M.    (July   24,   '14)    Consulting   Eng.,    611    Moffat   Bldg.,   Detroit, 

Mich. 
SCHMIDT,   Jay   H.    (Dec.    30,  '17)   Mgr.  Chem.   Dept..   Ohio   Export   &  Trading  Co., 

518    Standard    Parts    Bldg.,    Cleveland,    Ohio;    mailing    address.    13468    Clifton 

Blvd..    Lakewood,   Ohio. 
SCHMIDT,   Walter   A.    (Aug.    25,   '17)    Gen.    Mgr.,   Western   Precipitation    Co.,    1016 

West   Ninth   St.,   Los   Angeles,   Calif. 
SCHNEIDER,  Louis    (Jan.   30,   '20)   Industrial   Research   Chemist;   mailing   address, 

Barnard,  N.  Y. 
SCHOCH,   Eugene  P.    (Oct.   1,   '04)    2212   Nueces   St.,   Austin,   Texas. 
SCHOELLKOPF,  Paul  A.   (Dec.  31,  '15)  Pres.  and  Gen.   Mgr.,  Niagara  Falls  Power 

Co.,   Niagara   Falls.   N.   Y. 
SCHOEPF,    Theodore   H.    (June   30,   '16)    c|o  Westinghouse  Elec.    &   Mfg.    Co..    East 

Pittsburgh.   Pa. 
SCHOLL,    Guilford    D.    (May    25,    '17)    Treas.,    Simplex    Refrigerating   Co.,    Keokuk, 

Iowa. 
SCHOLL,  Walter  D.   (Feb.   27,  '20)   Claim  Adjuster,  Penna.  R.   R. :   mailing  address. 

Box  582,   Berwyn.   Pa. 
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SCHONBERG.    Jackson   R.    rjan.    30,   "20)    Engineer,    Development   Uept.,    Standard 

Oil  Co.,   Elizabeth,   N.   J. 
SCHOTT,  John  E.   (June  29,  '18)   Colton,  Calif. 
SCHROEDER,   C.   M.   Edward    (May   29.   "09)    Consulting   Chem.   &  Chem.   Eng.,   235 

Wood  St.,  Rutherford,  N.  J. 
SCHUBERT,    Bruno    H.     (Aug.    25,    '16)    Research    Chem..    National    Lead    Co.,    129 

York   St.,   Brooklyn,   N.   T. ;    mailing  address,    224   Jane   St.,   Weehawken,    N.    J. 
SCHTJELER,  Julian  L.    (Sept.   27,  '16)   Chemist  and  Met.,  Keystone  Steel  and  Wire 

Co.,  Peoria,  111. 
SCHUETZ,    Frederick   F.    (Oct.   1,  '04)    Patent  Attorney,    Room    1352,    Hudson   Ter- 
minal Bldg.,  50  Church  St.,  New  York  City. 
SCHULTE,   Walter  B.    (Oct.   29,  '10)   Secy.,  C.   F.  Burgess  Labs.,   1015  E.  Washing- 
ton Ave.,  Madison,  Wis, 
SCHULTZ,    Fred   H.    (May   24,  '18)    Asst.   Inspector   of   Ordnance   Material   Office   of 

Naval   Inspector  of  Ordnance  at  E.  W.   Bliss  Works.   52d  St.,   Brooklyn,   N.   Y. ; 

mailing   address,    167  Waverly  Ave.,   Brooklyn,  N.  Y. 
SCHULTZ,    Louis    Claude    (Oct.    22.    '15)    Chem.    Eng.,    c|o    The    Tungsten   Products 

Co.,    2031   12th    St.,   Boulder,    Colo. 
SCHUYLER.  Arent  H.   (June  2,  '16)  404  Riverside  Drive,  New  York  City. 
SCHWARTZ,    Hyam    (May   24,   'IS)    Johannesburg,    South   Africa. 
SCHWARZ,    Edward    (Nov.     30,    "18)     Chem.     Engr.,     Walter    Kidde    &    Co.,     Inc., 

140   Cedar   St.,  New   York   City;   mailing  address.   Box   345,   Keyport,    N.    J. 
SCOTT,  Prof.  Chas.  F.    (Aug.  27,  '09)   2S4  Orange  St.,   New  Haven.  Conn. 
SCOTT.   E.   Kilburn    (May   24.   'IS)    Consulting    Eng.    c|o   Chemists'    Cluh,   New    York 

City;    mailing  address,    206    East   16th   St. 
SCOTT,   Lester  C.    (Oct.   21,  '16)    1293   Dean   St.,   Brooklyn,   N.    Y. 
SCOTT,  Wm.   M.    (Oct.   25,  "IS)   Elec.   Eng.    &  Gen.  Mgr.,   The   Cutter  Elec.    &  Mfg. 

Co.,   19th  and  Hamilton   Sts.,   Philadelphia,    Pa. 
SCOTT,    Wirt    S.    (Aug.    25,    '16)    Manager,    Industrial    Heating    Section,    Westing- 
house  Elec.   &  Mfg.   Co.,   Mansfield,   Ohio. 
SCOTT-MAXWELL,   J.    M.    (Apr.   25,  '19)    Chairman  and  Managing   Director,    Elee. 

Control,   Ltd.;    mailing   address,   Baillieston   House,    Baillieston,    Glasgow,    Scot- 
land. 
SEABURY,   Richard  W.    (Nov.   26,   '20)    Pres.,   Boonton   Rubber   Mfg.   Co.;    mailing 

address,   Boonton,    N.  J. 
SEEDE,    John   A.    (May    29,    '09)    Elec.    Eng.,    General    Electric    Co.,    Schenectady, 

N.  Y. ;  mailing  address,  30  Ballston  Road. 
SEFING,  Frederic   G.    (Oct.    25,  '18)   Metallurgist,   650  Chestnut   St.,    Emaus,  Pa. 
SEGER,    Gaylord    E.     (Nov.    26,    '20)    Chemical    Plant    Manager,    Harvey    E.    Mole; 

mailing  address,    145   Kislingbury   St.,  Rochester,   N.   Y. 
SEIFERT.   Edgar  F.    (May   24.   'IS)   34   Kendall   St.,   Lawrence,   Ma.=s. 
SEM,    Mathias    (Nov.    2S,    '19)    Toldbodgt    24,    Christiania,    Norway. 
SERGEANT,   Ellicott  M.    (Oct.   1,  '04)   Box   54,   Niagara   Falls,  N.   Y. 
SERVIS.    Oscar    E.     (Feb.    24,    '17)    Foreman    Electroplater,    Felt    &    Tarrant    Co.; 

mailing  address,  5305  Warner  Ave.,   Chicago,  111. 
SEWARD,    Geo.    O.    (Apr.    3,    '02)    clo   Coal    &   Iron   Bank,    Liberty    and    West    Sts., 

New    York   City. 
SEYFERT,   Stanley  S.   (Oct.   29,  '08)   Assoc.  Prof,  of  Elec.  Eng.,   Lehigh  University, 

Bethlehem,    Pa.;    mailing    address,    456    Chestnut    St. 
SHARP,   Clayton   H.,   Ph.D.    (Nov.    26,   '07)   Elec.   Testing  Labs.,   80th    St.    and  East 

End   Ave.,   New  York   City;   res..  White  Plains,   N.  Y. 
SHARTZER,   Earl   S.    (Dec.   26,   '19)    130  Main   St.,  Oneida,   N.  Y. 
SHATTUCK,  A.    F.    (Apr.   3,   '02)   Chemical   Engr.,   615  Canon   Drive,   Beverly  Hills. 

Calif. 
SHAW,   E.    C.    (Apr.    3,   '02)    B.    F.    Goodrich   Co.;    mailing  address.    North   Portage 

Path,  Akron,   Ohio. 
SHAW,    S.    F.    (June    27,    '19)    General   Manager,    Cia.    Mra.    La    Constancia,    Sierra 

Mojada,   Coahuila,   Mexico. 
SHEEAN,   J.   Lyman    (Nov.    30,   '18)    Chem.,  United   Lead  Co.,   Keokuk,   Iowa. 
SHEFFIELD,    W.    T.    (Aug.    25,    '17)    Chemist,    Pond    Works.    Niles-Bement-Pond, 

Plainfield,   N.   J.;   mailing   address,    352   E.    Front    St. 
SHELDON,   Dr.   Samuel    (Apr.    3,   '02)    Polytechnic   Institute,    Brooklyn,   N.    Y. 
SHEPERD,   F.   A.    (Nov.   27,    '14)    c|o   King   Edward   Hotel,   Toronto,    Ont.,    Canada. 
SHEPPARD,    S.   E.    (Nov.    26,   '20)    Res.   Chem.,    Eastman   Kodak    Co.;    mailing   ad- 
dress.  Research   Lab.,   Kodak  Park,  Rochester,   N.   Y. 
SHERK,  Harold  C.    (July  27,  '17)   Gen.   Mgr.,  c|o  Ferris  Reduction  Co.,  Derry,   Pa.; 

mailing  address,   625   Spring   St.,  Latrobe,   Pa. 
SHIELDS,     Dr.     John     (Dec.     4,     '02)     4    Stanley     Gardens,     Cricklewood,     London, 

N.  W.   2,  England. 
SHIGEMATSU,  Y.    (July   25,  '19)    Managing   Director,   Mitsubishi   Mining  Co.,   Ltd., 

Marunouchi,  Tokyo,  Japan. 
SHIMADA,  Mitsugu   (June  25,  '20)   c|o  Japanese  Consulate  General,    165   Broadway, 

New   York  City. 
SHIMER,   Edward  B.    (Jan.   28,   'ID    Asst.   in   Chemical  Lab.  of  Porter  W.   Shimer, 

Easton,   Pa.;  res.,  Paxinosa  Ave. 
SHINJO.    Yoshio    (Nov.    28,    '19)    Pres.    and    Gen.    Mgr.,    Tokyo    Electric    Co.,    Ltd.. 

Kawasaki,    Kanagawa,    Prefecture,    Japan. 
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SHOLES,  Chas.  E.   (May  24.  '18)   Mgr.,   The  GrasseUl  Chem.  Co.;    mailing  address 

347  Madison  Ave.,   New  York   City. 
SHORT,   Frank   (Sept.   25,   '14)   Expert  on  Aircraft  Armament,   Frankford  Arsenal, 

Philadelphia,    Pa.;    mailing   address,    3411   Walnut    St. 
SICARD,  Hugh  C.   (June  3  0,  '17)    Electrochemical  Eng.,  U.  S.  Alloy  Corp.;   mailing 

address.   Hotel  Touraine,   Buffalo,  N.   Y. 
SIEGER,  Geo.   N.    (Apr.  27,  '12)   c|o  Canadian  Consolidated  Corp.,  Ltd.,   St.  Catha- 
rines, Ont.,  Canada. 
SIEVERING,    Philip    (Apr.    26,    '13)    Electroplater,    Philip    Sieverlng    Co.;    mailing 

address,  54  Nairn  Place,  Newark,  N.  J. 
SILVERMAN,  Alexander   (Nov.   30,  "IS)    School   of  Chemistry,  Univ.   of  Pittsburgh. 

Pittsburgh,  Pa. 
SIMMERS,  A.  L.   (May  29,  '09)   Eng.,  Hooker  Electrochemical  Co.,   Niagara  Falla 

N.  Y. 
SIMMONS,  Charles  W.   (Jan.  30,  '20)   Efficiency  Engr..  Pittsburgh  By-Product  Coke 

Plant,   Jones   &  Laughlin  Steel   Co.,   2d   and   Longworth   Sts.,    Pittsburgh     Pa. 
SIMON,   Clarence  K.    (May   24,  '08)    301   West   109th   St.,   New  York   City. 
SIMON,  Ernest  J.   (Apr.   2,  '19)   Asst.  Elec.   Contractor  and  Sugar  Chemist,  Ingenio 

Monona,   P.   O.   Box    109,   Guantanamo,    Cuba. 
SIMONSEN,   Ivar  Bull    (Feb.   1,  '19)    14   Ovre  Alle,   Slngsaker,   Trondhjem,   Norway. 
SIMPSON,    Louis    (May    29,   '09)    172    O'Connor   St.,   Ottawa,   Canada. 
SIMS,    C.    E.    (June    1,    '15)    Asst.    Technical    Director,    Aluminum    Co.    of    America, 

Plant   No.   3,    Niagara   Falls,   N.   Y.;    mailing  address,   723   Third   St. 
SINGER,    Charles    E.    (May    24,    '18)    Chem.    Chile   Exploration    Co.,    202d   St.   and 

10th  Ave.,  New  York  City. 
SISCO,   Frank  T.   (May  24,  'IS)    Chief  Chem.,   c|o  The  Hess  Steel  Corp.,   Baltimore, 

Md. 
SISSENER,    John     (May    21,    '20)     Canadian    Electric    Steel    Co.;    mailing    address, 

Canada  Cement   Club,    5059    Notre    Dame   St.,    Montreal,    Canada. 
SISSON,    Geo.    H.    (Jan.    30,   '20)    Mgr.    and    Treas.,    The    Wayne    Steel    &   Iron    Co.: 

mailing  address,   Crogham,    Lewis  County.   N.   Y. 
SKILLMAN,  V.    (Mar.    26,  '10)   Metallurgist,  General   Aluminum  &  Brass  Mfg.  Co.; 

mailing   address,    182   Farrand   Park,    Highland   Park,   Detroit,    Mich. 
SKINNER,  C.   E.    (Dec.   31,   '09)   Mgr.,   Research  Dept.,  Westlnghouse  Elec.   &  Mfg. 

Co.,    East    Pittsburgh,    Pa. 
SKINNER,  Hervey  J.  (Apr.  3,  '02)  Chemical  Eng.,  248  Boyleston  St.,  Boston,  Mass. 
SKINNER,    Lewis    B.    (Oct.    23,    '14)    Manager,    Res.    Dept.,   Midwest   Refining   Co., 

Box   240,  Denver,  Colo. 
SKOWRONSKI,   Stanislaus   (June  1,  07)    c|o  Rarltan  Copper  Works,  Perth  Amboy, 

N.   J. 
SLATEN.   F.   W.    (May   24,  'IS)   Parkdale,  Oregon. 

SLATER.  Wm.  A.    (Feb.   25,  '11)   Gulf   Refining  Co.,  Port  Arthur,  Texas. 
SLEPIAN,    Joseph    (June    27,    '19)    c|o    Westinghouse    Elec.    &    Mfg.    Co.,    Research 

Building,   Pittsburgh,   Pa. 
SLOCUM,    Frank   L.,    Ph.D.    (Dec.    4,    '03)    Pres.,    Technical    Service    Corp.,    Empire 

BIdg.,    Pittsburgh,    Pa.;     mailing    address,    401    S.    Linden    Ave.,    Homewood 

Station. 
SMALL,  J.   O.   (May  24,   'iS)   Chem.,   Hercules  Powder  Co.,   Parlln,    N.  J. 
SMITH,   Acheson   (Aug.    31,  '07)   VIce-Pres.   and  Gen.   Mgr.,  Acheson  Graphite   Co.; 

mailing   address.    Box    616,    Niagara   Falls,    N.   Y. 
SMITH,    Andrew   Thos.    (Dec.   4,  '03)    Gen.  Mgr.,   Castner-Kellner  Alkali  Co.;   mail- 
ing address,  257  Royal  Liver  Bldg.,  Liverpool,  England, 
SMITH.  Albert  W.    (Apr.   3,  '02)    Case  School  of  Applied   Science;  mailing  address, 

11333   Bellflower   Road,   Cleveland,   Ohio. 
SMITH,    Donald  P.    (Aug.   24,   '18)    Asst.   Prof.    Chem.,   Princeton   Univ.,    Princeton, 

N.   J. 
SMITH,  Dyer  (June  28,  '12)  Ward,   Crosby  &  Smith,  Woolworth  Bldg.,   233  Broad- 
way,  New  York  City. 
SMITH,     E.     A.    Cappelen     (May    9,    '03)     Vice-Pres.,     Chile    Exploration    Co.,     120 

Broadway,   New   York  City. 
SMITH,    Emory  E.    (Apr.    2,   '19)    Pres.,    Gen.    Mgr.,   Smith,    Emery   &   Co.;    mailing 

address,  651   Howard   St.,   San   Francisco,   Calif. 
SMITH,    Dr.   Edgar   F.    (June   3,    '05)    Prof,    of  Chemistry,    Univ.   of   Penna.,   Phila- 
delphia,  Pa. 
SMITH,   Edmund   S.    (Apr.   3,   '02)    Chemist,   The   Carborundum   Co.,   Niagara   Falls, 

N.    Y. 
SMITH,   Edward  W.    (Apr.   3,  '02)    74  E.   Penn  St.,  Germantown,   Philadelphia,   Pa. 
SMITH,  Frank  T.   (Dec.   30,  '16)   8  St.   John  St..  Jamaica  Plain,  Mass. 
SMITH,  Frank  Warren    (May   9,  '03)    Provo   City,  Utah. 
SMITH,   Irving  B.    (Jan.    25,   "18)    Head   of   Res.   Dept.,   c|o  Leeds   &   Northrup   Co.; 

mailing  address,    4901   Stenton    Ave.,    Philadelphia,    Pa. 
SMITH,    John   Hays    (Jan.    26,    '17)    Consulting    Eng.,    503    Franklin    Bldg..    Harrls- 

burg.   Pa. 
SMITH,   Jay  M.    (May   23,   '19)    Mgr.    of  Cuban   Branch,   Ingersoll-Rand   Co.;   mail- 
ing address,   Apartado   1149,   Havana,   Cuba. 
SMITH,  Lyon    (Apr.   28,  '18)   Supt.,  York   Ferro-Alloys  Co.,   York,  Pa. 
SMITH,  Richard  T.   (Feb.   27,  '20)   70  Lombard  St.,   London,  England. 
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SMITH,    T.    W.     (June    29,    'IS)    Consulting    Chem.,    The    Republic    Creosoting    Co., 

5th  Floor,   Marion  Bldg.,  Indianapolis,  Ind. 
SMULL.    Judson    G.    (Nov.    26,    '07)    Research    Chemist;    mailing   address,    66    West 

Northampton   St.,   Bethlehem,    Pa. 
SMYTHE.  Edwin  H.    (May  29,  '09)   Elec.   Eng.,  73S   Monadnock  Bldg.,   Chicago,   111. 
SNEATH.  W.  H.    (May  25,  '19)   Saude,  Ryfylke,  Norway. 

SNELLING,    W.   O.    (Oct.    2,   "02)   Director   of  Research,    Trojan   Powder   Co.,    Hun- 
sicker  Bldg.,  Allentown,  Pa.;   mailing  address,  P.  O.  Box   673. 
SNOOK,    H.    Clyde,    A.M.    (Nov.    28,    '07)    c|o    Western    Electric    Co.,    463    West    St., 

New  York  City. 
SNOWDON,    R.    C.    (Feb.    3.'    06)    Operation    Expert,    Hooker    Electrochemical    Co., 

Niagara  Falls,   N.  Y.;   mailing  address,  21   C  St. 
SNYDER,  Chas.   G.    (June  30,   '17)    Chief   Chemist,   Duquesne   Reduction   Co.;    mail- 
ing address,   5212    Harriet  St.,   Pittsburgh,   Pa. 
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Bunyan,  F.  W. 

Lichthardt,   G. 
San  Diego— 

Klauber,   L.   M. 

Stone,  J.   S. 
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CALIFORNIA— Continued 
San  Francisco^ 

Arnstein,  Dr.  Henry 

Barfoed,  Svend 

Barnes,  TV.  A. 

Bauer,   G.   TV. 

Benfield,  Bernard 

Black,    J.    E. 

Chapman,  L.   E. 

Coney,  A.   E. 

Fowler,   Edw.   J. 

French,   Wm.   H. 

Frickey,  R.  E. 

Oilman,  Chas.   E. 

Hanks,   A.   A. 

Hanscom,  W.  W. 

Henderson,   C.   T. 

Linden,    H.    E. 

McLaughlin,   D.    E. 

Merrill,   Chas.    W. 

Metson,  W.  H. 

Pike,    R.    D. 

Reed,  C.  J. 

Smith,   Emory  E. 

"n^hittlesey,  J.  T. 

■U'oodworth,   S.   E. 

Wrinkle,   Noah 
Santa  Monica — 

T\'ilkinson,    M.   TV. 
Stanford  Fniversity — 
'        Hicks,  J.  F.  G. 

Ryan,   H.  J. 
Torrance — 

Bradley,  TV.  E.  F. 
Trona — 

Burke,  T\'m.   E. 

Mountford,   F.    H. 
VaJlejo — 

Beyer,   L.   R. 
Venice — 

Richard,  L.   M. 

COLORADO 
Aspen — 

Anderson,    C.   E. 

Doolittle,   C.    E. 
Boulder — 

Abbott,  F.  D. 

Bleecker,   TV.   F. 

Ekeley,  J.  B. 

Evans,   H.   S. 

Fair,   F.   A. 

Guerber,  A.   J. 

Schultz,  L.   C. 
Colorado  Springrs — 

Dodge,    Owen 
Denver — 

Bryan,   R.   R. 

Cargo,  L.   M. 

Case,   TV.   TV.,  Jr. 

Comstock,   C.  TV. 

Engle,  TV.  D. 

Haynes,  J.  H. 

lonides,  S.   A. 

Laucks,    I.    P. 

Malm,   J.    L. 

Muench,   R.   K. 

Nees,   A.   R. 

Ogden,   John 

Richards,   P.   J. 

Sands,  H.  S. 

Pkinner,  L.  B. 

TValter,  R.  J. 


COLORADO— Continued 
Florence — 

Emanuel,   L.  V. 
Golden — 

Coolbaugh,    M.    F. 
Pueblo — 

W'esthafer,  T.   O. 


COXNECTICn 

Ansonia — 

Grower,   G.  G. 
Jennison,   H.    C. 

Bridgeport — 

Burt,  Milo  C. 
Christie,  J.   L. 
Ferry,   Chas. 
Loveman,   TV.   R. 
Manning,   H.   G. 
Stratton,  T\'.    G. 
Tyler,  TV.  S. 

Bristol — 

Foley,  C.  B. 
Hartford— 

Gilligan,  Frank  P. 
Johnson,  TV.   McA. 
Palmer,  TV.   R. 
Peiler,  Karl  E. 
Pettee,   C.   L.   TV. 
Thompson,  N.   J. 
T\'illson,   E.  L. 

Xew  Britain — 

Andrews,   J.    C. 
Hogaboom,  Geo.   B. 
Hoot,   D.    TV. 

New  Canaan — 

Snyder,  F.  T. 
New  Haven — 

Bradley,    W.  M. 
Brown,    TT'.    T.   K. 
Gravely,  J.   S. 
Hibbert,    Harold 
Johnston,   John 
Schluder,    L.   B. 
Scott,  Chas.   F. 

New   London — 

Harris,  Louis 
Packer — 

Cooper,  H.  C. 
Seymour — 

Dana,   A.   S. 

McGary,   A.  Tf. 

Somersville — 

Keeney,  R.  M. 
Stamford — 

Ferguson,    C.   N. 
Getman,   F.    H. 
Given,  G.  C. 

Stepney  Depot — 

TT'heeler,  Fred.   B. 
Terryville — 

Fitz,  Arthur  E. 
Wallingford — 

Elanchard,    H.   J. 

Cainby,    Robt.    C. 

Marsh,   R.  J. 
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CONXECTICUT — Continued 

Waterbury — 

Bassett,   "W.    H. 
Bedworth,   H.  A. 
Bennett,  M.    H. 
Bradley,  J.  C. 
Bristol,   W.   H. 
Brockway,  J.   P. 
Cowperthwait,  A.   D. 
Johnquest,  H.  M. 
Price,  Wm.  B. 
Sperry,  R.  S. 
Thompson,   H.  L. 
Weiser,  F.  S. 

Westport — 

Fleming,   M.   C. 
Peters,  F.   F. 

Winsted — 

Strong,  H.  D. 

DELAWARE 

Henry  Clay — 

Bradshaw,   H. 

Milford— 

Poetschke,  Paul 

Seaford — 

Morse,  W.  S. 
Wilmington — 

Douglas,   W.   A. 
DuPont,   Irenee 
DuPont,   Lammot 
DuPont,  Pierre  S. 
Fox,   H.  W. 
Hitch,  A.   R. 
Holmes,   F.   B. 
Humiston,    Burr 
Ketcham,  A.  C. 
Lloyd,    S.    C. 
MacGregor,    F.   S. 
Norman,  Geo.  M. 
Reese,  C.  L. 
Sparre,   Fin 
Symmes,   E.   M. 
Teeple,   O.   J.,   Jr. 
Whitten,  Wm.   M.,   Jr. 
■Williams,    Roger 
Tount,  A.  S. 

DISTRICT    OF  COLmiBIA 

Washington — 

Adams,   Qulnton 
Blum,  William 
Coggeshall,   G.  W. 
Cottrell,    F.   G. 
Cushman,  A.   S. 
Dewey,  F.  P. 
Dodson,  F.  W. 
Everette,    TV.    E. 
Foss,  Fedor  F. 
Freeman,   J.  R.,  Jr. 
Gaillard,   D.    St.    Pierre 
Gardner,   H.   A. 
Gilchrist,   Raleigh 
Holmes,  M.  E. 
Holton,  F.  A. 
Hopkins,   N.   M. 
Lloyds   M.  G. 
Lyon,  D.  A. 
Massey,  M.  F. 
Moody,  Herbert  R. 
Nash,    P.   M. 
Parsons,  C.  L. 
Reed,  A.  C. 
Rich,  "Wm.   J. 


DISTRICT  OF  COLUMBIA— Cont. 

Washington — Continned 

Richardson,   C.   N. 
Roberts,   C.   H.   M. 
Roberts,   Ovid  E. 
Russell,  Bert 
Tashof,  Ivan  P. 
Townsend,    C.   P. 
Watkins,  Joel  H. 
■Witherspoon,  T.  A. 

FLORIDA 

Beresford — 

Corson,  E.  F. 
Femandina — 

Martin,  R.  M. 
Panasoflfkee — 

Tanner,  "W.  L. 

GEORGIA 

Atlanta — 

Adsit,  C.  G. 
Maynard,   T.  P. 
Macon — 

Haskins,  F.   D. 

IDAHO 

Boise — 

Putnam,  Wm.  R. 
Kellogg — 

Bottinelll,  M.  J. 
Wallace — 

Day,   J.   J. 

ILLINOIS 

Belleville — 

Malinovszky,  Andrew 
Berwyn — 

Crabbe,  Arthur 
Chicago — 

Arthur,   Paul 
Baker,    Chas.    E. 
Baker,  R.   E. 
Booth,   W.   K. 
Brady,   W. 
Brunt,   H.  H. 
Clemmitt,   W.    B. 
Coffelt,  O.   T. 
Converse,    W.   A. 
deBeers,   F.   M. 
Dengler,    F.   P. 
Dressel,    G.   C. 
Egloff,   Gustav 
Ericson,    E.    J. 
Eshbaugh,    C.   H. 
Falck,  V/.  H. 
Gaylord,  C.  H. 
Gilson     C.   E. 
Golick',    T.    F. 
Greenlee,  W.   B. 
Gudeman,  E. 
Herz,   Alfred 
Hollls,    H.   L. 
Horine,  Karl 
Hosford,  Wm.  F. 
Hoskins,   W. 
Janssen,  W.   A. 
Jenista,   Geo.  J. 
Johnson,  A.  R. 
Jones,   A.   0. 
Jones,   C.    H. 
Kawin,   Chas.   C. 
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II.LI:N0IS— Continued 
Chicago — Continned 

Kern,   P.   E. 
Lamoureux  Ernest 
Lewis,   S.   H. 
Liscomb,   F,  J. 
Lloyd,   E.   W. 
Loewenherz,    E. 
Lundgren,   H. 
Lunn,   E. 
Lyman,   J. 
McCormack,  H. 
McCoy,    H.    N. 
McMahon,    G.   F. 
Massari,   S.   C. 
Morrison,   M. 
Pugh.  J.   W. 
Reese,  P.  P. 
Reymond,  P.  LeG. 
Richardson,   W.   D. 
Ryan,   R.  W. 
Servis,   O.   E. 
Smythe,    E.    H. 
Sternberg,  W.  M. 
StoU,  C.  G. 
Tliordarsen,   C.  H. 
Valentin,  J.  E.  C. 
Weightman,   H.  E. 
Weith,  A.   J. 
M'^endt,    G.   L. 
Wikle,    H.   H. 
Wlnslow,    F.    E. 
Wurster,  O.   H. 

Chicago  Heiglits — 

Philipp,    Herbert 

Decatur — 

Darling,   E.   R. 

Depne — 

Grenfell,  D.  S. 
Peters,  M.   F. 

East  St.  Louis — 

Deuchler,  P.  G. 
Forsyth,  A.  W. 
Junklns,  J.    R. 

Kdison  Park — 

Gilbertson,  H.  A. 
Elgin- 
Hatch,   I. 
Evanston — 

Bauer,  Wm.  Chas. 

Bragg,   E.  B. 

Langdon,    S.    C. 
Fairbury — 

Foster,   H.   H. 
Highland  Parle — 

Pfanstiehl,  Carl 
Joliet — 

Meaker,  G.   L. 

La   Salle— 

Carus,   Edw.    H. 

Ede,   Joseph   A. 
Mendota — 

Alexander,  J.   E. 
Park  Ridge — 

Hunter,   J.   V. 
Peoria — 

Hlght.    E.    S. 

Schueler,  J.  L. 

Winter,    E.   J. 
Peru — 

Edwards,  J.   B..   Jr. 


ILLINOIS — Continued 
River  Forest — 

Jones,  Geo.  H. 
Rockford — 

Readette,   John 
Streator — 

Dewey,   E.   S. 
Urbana — 

Dietrichson,  J.  G. 

Fukuda,  M. 

Palmer,  C.   S. 

Parr,  S.  W. 

Reedy,    J.    H 

Rideal,    E.   K. 
Wilmette — 

Mason,  S.  R. 
WInthrop  Harbor — 

Aiken.  R.   H. 

INDIANA 

Bloomington — 

Brown,    O.    W. 

Mathers,  P.   C. 
Hammond — 

Bates,   C.  W. 

Muehlberger,   C.    W. 

Young,   J.   C. 
Huntington — 

Wright,   L.   R. 
Indianapolis — 

Atkinson,  F.   C. 

Martin,   J.    W.,    Jr. 

Naiden,   J.   H. 

Schildhauer,     Edw. 

Smith,  T.  W. 
Kokomo— 

Arthur,   Walter 

Wissler,  W.  A. 
Lafayette — 

Duncan,   T. 
Marion — 

Case,    A.    E. 
Michigan   City — 

Klouman,    Hennine 
Muncie — 

Anthony,   H.   M. 
Notre  Dame — 

Bailey,  J.  H. 
Pendleton — 

Eggman,   C.   M. 
South  Bend — 

Kingsbury,   J.   A. 

IOWA 

Cedar  Rapids — 

Drabelle,   J.    M. 
Centerville — 

Peck,   E.   L. 
Fort  Dodge — 

Janssen,  Geo. 
Iowa  City — 

Pearce,  J.  N. 
Keokuk — 

Davis,   H.  N. 
Knight,    F.    P.    H. 
Scholl,   G.  D. 
Sheean,   J.  L. 
Weissenburger,   G.    E. 
Wettstein,   T.   F. 
W^llcox.   N.    T. 
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KANSAS 

Kinsley — 

Parkhurst.  I.  P. 

KENTUCKY 

Dayton — 

Beebe,  M.  C. 

Louisville — 

Ruby,  C.  E. 
Marion — 

Reed,  A.  H. 

Paducah — 

Nichols,  A.    S. 

LOUISIANA 

New  Orleans — 

Winship,  W.   E. 

Sellers — 

Wellemeyer,    E.    H. 

Shreveport — 

MeConnell,  J.  J. 

MAINE 

Auburn — 

Adams,  E.  W. 
Higgins,   C.    H. 

Augusta — 

Burr,   F.   F. 

Wyman,  W.   S. 
Brunswick — 

Cram,    M.    P. 

Cram,  W.  C. 
Cumberland  Mills — 

Gabriel,   G.  A. 

Edgecomb — 

Wood,   H.  D. 
Great  Works — 

Larchar,  A.  B. 
Lewiston — 

Anderson,   W.    S. 

Andrews,   A.   B. 

Robinson,   A. 
Portland — 

Allen,   H.    I. 

Lincoln,  E.  S. 
Kumford — 

Lowe.  R.   E. 
Waterville — 

Nivison,   Robt. 

MARYLAND 

Annapolis — 

McAdam,    D.    J.,    Jr. 
Webert,   L.  P. 
Baltimore — 

Barclay,   E.   H. 
Boynton,   W.    H. 
Broadnax,   J.   C. 
Browne,   A.    L. 
Emery,   L   C. 
Kenway,   I.   F.    L. 
Lovelace,  B.  F. 
Meade,   R.   K. 
Miller,   E.   B. 
Mitchell,    G.   K. 
Moore,  W.  C. 
Peirce,  W.   H. 
Rouse,   E.  W.,   Jr. 
Sisco,   F.   T. 
Stone,  W.   H. 
Thompson,  M.   R. 


MARYLAND— Continued) 
Baltimore — Continued 

Tillman,  R.   H. 

Warth,  A.   H. 

Wise,  J.   B. 
Catonsville — 

Grenagle,  J.  B. 
Colgate — 

Aldrich,   C.    H. 
Cumberland — 

McKaig,  W.   W. 
Emmitsburg — 

Rauth,    J.   W. 

Luke — 

Pedder,  John 
Mount  Savage — 

Ramsay,  Andrew 
Riverdale— 

Munch,   J.  C. 
Roland  Park — 

Thomas,  C.  C. 

MASSACHUSETTS 

Arlington — 

McKee,  Wm.  E. 

Reed,   L.   N. 
Boston — 

Atwood,  F.   C. 

Barker,    E.    R. 

Buchanan,  L.   B. 

Campbell,  J. 

Clapp,   E.   H. 

Comstock,    D.    F. 

Davis,  G.   S. 

Drinker,  P.  H. 

Eustis,    A.    H. 

Harrington,   R.   F. 

Hobby,  A.  K. 

Kalmus,  H.  T. 

Kniffih,  L.   M. 

Larchar,   A.    B. 

Pratt,   F.   S. 

Richards,    W.    S. 

Rowe,  A.  W. 

Sargent,  F.  C. 

Skinner,  H.  J. 

Slepian,  Jos. 

Stone,  C.   A. 

Webster,    E.   S. 

Wheeler,   H.    E. 

Willien,    Leon    J.,    Jr. 

Wright.  L.  E. 
Brookline — 

Campbell,  T.  P. 

Clevenger,   G.   H. 
Cambridge — 

Atwell,  H.  V. 

Curtis,  F.  J. 

Dewey,   Bradley 

Forbes,   Geo.  S. 

Goodwin,   H.   M. 

Jones,   Grinnell 

Knobel,   Max 

Lamb,  A.  B. 

Little,   A.   D. 

Maclnnes,    D.    A. 

Nickerson,  W.  E. 

Richards,  T.  W. 

Rldgway,  R.  R. 

Stockbarger,  D.  C. 

Talbot.   H.   P. 

Thompson.  M.  deK. 

Walker,  Wm.   H. 
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aiASSACHUSETTS — Continued 
Coolidge  Comer — 

Meyer,  A.  R. 
Jamaica   Plain — 

Smith,   F.  T. 
Lawrence — 

Selfert,   E.   F. 
Lowell — 

Chapin,    H.    C. 
Lynn — 

Alexander,   P.  P. 
Devers,  P.  K. 
Miller,   L.  B. 
Nestor,  J.  F. 
Schloth,  A.  C. 
Magrnolia — 

Eaton,  I,   C. 
Maiden — 

Berry,   E.   R. 
Marlboro — 

McManus,   Jos.  D. 
Newton  Centre — 

Pickard,    G.   W. 
Iforth  Dighton — 

Griffin,   M.   L. 
Pittsfield— 

Frank,  J.  J. 
Gifford,   A.   McK. 
Kelly,  J.  F. 
Moody,   "W.   S. 
Unger,  M. 
Qulncy — 

Crane,  M. 
Saleni — 

Fuller,  J.  R. 
SomerrlUe 

Wilkins,    H.    S. 
Southbrldge — 

Reeve,   H.  T. 
Springfield — 

Helseth,   S.   T. 
Morris,   A.  'U'. 
Swampscott — 

Thomson,   E. 
Tufts  College — 

Durkee,    F.   "W. 
Waltham — 

Flagg,  F.   P. 
Watertown — 

Coffin,    C.    F.,   Jr. 
Waverly — 

Horsch,   W,    G. 
Williamstown — 

Mears,  Brainerd 
Winchester — 

Pratt,   L.  A. 
Winthrop — 

Mitchell,    R.   W. 
WoUaston — 

Ruppel,    H.    E.    K. 
Worcester — 

Calhane,  D.  F. 
King,  J.  A. 
Jeppson,  G.  N. 
Marble.   J.   P. 
Morse,   H.   E. 
Saunders,    L.   E. 


MICHIGAN' 

Alpena — 

Button,   C.   B. 
Rittman,   TV.  F. 

Ann  Arbor — 

Baker,   E.   M. 
Bartell,   F.   E. 
Bigelow,  S.  L. 
Brown,  Geo.  G.,  Jr. 
Ferguson,    A.   L. 
Willard,   H.   H. 

Bay  City— 

Hutchings,   C.    F. 
Calumet — 

Bosson,  F.   N. 
Detroit — 

Barnebey,  O.  L. 
Bragg,   C.   T. 

Cole,    C.   S. 
Conner,  A.  B. 
Crosby,   E.   L. 
Danse,    L.    A. 
Dawson,   F.    G. 
Fllntermann,   R.   F. 
Flumerfelt,   O.    F. 
Frederick,    W.   A. 
Harig,   Fred.  C. 
Hirshfeld,   C.  F, 
Lane,  H.  M. 
Larria,  Manuel 
Lohr,  J.   M. 
Marsh,  A.  L. 
Mayo,  Wm.   B. 
Muren,  A.   L. 
Noyes,    J.    D. 
Oswald,    E.   P. 
Ott,   John  T. 
Ramage,   A.  S. 
Rhoads,   A.    E. 
Schmelz,   E.   M. 
Skillnaan,    Verne 
Sternfels,   H.   M. 
St.   John,  H.   il. 

Frankfort — 

Evans,   Ramlro 

Grand  Haven — 

Hutchinson,   J.    B. 

Highland  Park — 

Alia,  E.  S. 
Houghton — 

Carson,    C.    M. 
Jackson — 

Hoag,    C.    A. 
Parker,   L.  R. 

Menominee — 

White,   A.    R. 
Midland- 
Dow,  H.   H. 
Gann,  J.  A. 
Ward,  L.  E. 

Sanlt  Ste.  Marie — 

Harza,    L.    F. 
Kuhlmann,    A.    M. 

Trenton — 

Cranston,    John 
Wyandotte — 

Hardcastle,   Y.  F. 
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MINNESOTA 

Duluth — 

Hokanson,    Martin 

Minneapolis — 

Frankforter,   G.   B. 
Joselowitz,    Goodwin 
Mann,  C.  A. 
Miller,   L.  F. 
Reyerson,   L.   H. 

BUSSISSIPPI 

Water  Valley- 
Wilcox,    W.    Li. 

MISSOURI 

Columbia — 

Schlundt,    Herman 

Fredericktown — 

Mateer,  T.  J. 
Herculaneum — 

Isbell,   Wm.   T. 

Joplin — 

Calbeck,   J.   H. 
Rogers,   C.    B. 

Kansas  City — 

Cherry,   L.   B. 

Dalton,    K.    N. 

Francis,    P.   B. 

Kent,   J.  M. 

Monroe,    E.    A. 

"Wenneis,   J.    M. 
Mt.   Washington — 

Kryzanowsky,    C.   J. 

Rolla — 

Fulton,  Chas.  H. 
Sternberg,  W.  M. 
Turner,   W.   D. 

St.  Louis — 

Graf,    A.    V. 
Jackson,   F.   F. 
Kohler,    H.   L. 
Nulsen,   J.   K. 
Queeny,   J.    F. 
Teeters,    "W.   R. 

Webb  City— 

"Wallower,    F.    C. 

MONTANA 

Anaconda — 

Frick,   F.    F. 
Goodrich,   R.   R. 
O'Brien,   A.    L. 

Billings — 

Heath,   R.  F. 

Butte — 

Deshler,   G.   O. 
Naughton,    James 
Tower,   R.   E. 

Columbia — 

Mize,  M.  T>. 

Great   Falls — 

Bardwell,   E.    S. 
Burns,  W.   T. 
Dow,  J.  C. 
Elton,  J.   O. 
Maclay,   E.   G. 

Lewiston — 

Hamilton,      T.   M. 


NEBRASKA 

Lincoln — 

Frankforter,    C.    J. 

Merriman — 

Kreiss,  A.   L. 

Omaha — 

Hall,  A.  E. 
O'Hara,   B.   M. 
Randall,    A.    G. 
Reinbold,  Herman 
Reinbold,   Hugo 

Valley — 

Whitmore,   J.   D. 


NEVADA 


Lind,  S.   C. 

Searchlight — 

Newport,    F.    T. 

NEW   HAMPSHIRE 

Berlin — 

Barton,   C.   B. 
Comstock,   R.   L. 
Fogarty,    J.   A. 
McMurtrie,    D.    H. 
Moore,   H.   K 
Richter,    G.    A. 

Durham — 

Perley,  G.  A. 

Wilton — 

Abbott,    Wm.    G,,   Jr. 

NEW  JERSEY 

Arlington — 

Pickering,   O.  W. 
Proctor,  C.  H. 

Asbury  Park — 

Fernberger,  H.  M. 
Wooley,  W.  R. 

Atlantic   City — 

Bhodin,  B,  E.   F. 

Bayonne — 

Bjorkstedt,  Wm. 
Corse,  W.  M. 
Crawford,  C.  A. 
Kendrick,  T.  E. 
Mahlman,  O.  L. 
Merica,    P.   D. 

Bayway — 

Burgess,    Louis 

Bloomfleld — 

Amer,  H.   S. 
Braley,   H.  D. 
Hageman,   A.   M. 
Kleinfeldt,   H.   F. 
McAllister,    Paul 
Major,   Ralph  M. 
Romanelli,    E. 
Vassar,  H.   S. 

Boonton — 

Seabury,    R.  W. 

Bordentown — 

Mulligan,  J.   J. 

Boimd  Brook — 

Dailey,  J.  G. 
Saunders,   H.    F. 

Butler — 

Buttfield,  A.  C. 
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Cameys  Point — 

Lee,  I.   E. 
Chrome — 

Clark,   J.   C. 

Deacon,    R.   W. 

Green,   H.   M. 

Greenwood.   H.   D. 

Haeseler,  Paul  C. 

Hood,    B.    B. 

Merrill,   M.   W. 
Cranford — 

Lake,  Tf.  B. 

Taber,  H.  P. 

White,  J.   H. 
Dover — 

Pickett,   O.    A. 

Struthers,  .J.   A. 

I^glewood — 

Fensterer,  W.  J. 
East    Orange — 

Cowles,   Harry   D. 

Driver,   W.   B. 

Honan,    E.   M. 

Mommo,  E.  J. 

Prindle,  E.  J. 
Edgrewater — 

Grille,   G.   A.,  Jr. 
Elizabeth — 

Dimock,   W    P. 

Little,   W.   T. 

Martens,    Paul 

Miller,   A.   B. 

Pyne,   F.   R. 

Schonberg,   J.   R. 

Treacy,  C.   S. 
Englewood — 

Edwards,    W.    F. 
Essex  Falls — 

Liebschutz,   Morton 

Robb,    Chas.   D. 
Glen  Ridge — 

Cox,    H.    N. 
Gloucester  City — 

Knoedler,  E.  L. 

Miner,    H.    S. 
Haddon   Heights — 

Meyer,  John 
Harrison — 

Needham,   H.    H. 
Haskell — 

Cummings,   Wm.  J. 
High  Bridge — 

Berlin,   W.   G. 

Hall,   John    H. 

Le   Boutillier,    Clement 
Hoboken — 

Farnsworth,   Frank 

Hazeltine,    L.    A. 

Winninghoff,  W.  J. 
Irvington — 

Bachofner,    D.    K. 

Jersey  City — 

Baldwin,   A.   T. 
Logan,  M.  H. 
Lubowsky,    Simon   J. 
Forth,   H.  W. 
Swartley,    H.    R..   Jr. 
Wilson,    W.    K. 
Zeiler,   Richard 


NEW  JERSEY— Contiaaed 
Kenvil — 

Schantz,    J.   M. 
Keyport — 

Schwarz,    Edw. 
Lawrenceville — 

WiUcox,   Dudley 
Leonia — 

Folsom,  R.  A. 
Holler,    H.   D. 
Maplewood — 

Cunningham,  F.  W. 

Wright,   J.   C. 
Maywood — 

Manwaring,  F.  G. 
MerchantTille — 

Wickes,  C.   S. 
Millstone— 

Ruh,   C.    H. 
Montclair — 

Bradley.   Linn 

Crane,    F.    D. 

Ellis,  Carleton 

Eurich,   E.  F. 

Gesell,  W.   H. 
Morristown — 

Anger,    E.    M. 

Mandell,    A.   J. 
Newark — 

Barker,   P. 

Benjamin,    E.    O. 

Boice,  E.  N. 

Carter,   F.    E. 

Ceader,  Jos. 

Colby.   E.   A. 

GifEord.   W.    E. 

Hart,    L.   O. 

Holding,  H.  H. 

Hubley.    W.    F. 

Keen,   Wm.   H. 

Marlatt,    C.    D. 

Maywald,   F.    J. 

McNeill,    Ralph 

Prochazka,   J    A. 

Robinson,   F.   W. 

Sievering,   Philip 

Vorce,  L.   D*. 

Walsh,  P.  C,   Jr. 

Weber,   M.    G. 

Weston,   E. 

Youry,   W.    H.   S. 
New   Brunswick — 

Clark,   C.   B. 

Keller,    Oran 

Richardson,   L.   T. 

Voorhees,   L.  A. 
Newfoundland — 

Frederick,   Geo.    E..   Jr. 
Nutley — 

Richey,  Wm.   A. 
Ocean   Grove — 

Bergen,  C.  R. 
Orange — 

Edison,   T.   A. 

Kammerhoff,   H.   H. 

Sholes,  C.  E. 
Parlta— 

Buchanan,  A.   E.,   Jr. 

Pitman,    E.    C. 

Small,  J.   O. 
Paterson — 

Jarvls,   E.   G. 


DIRECTORY    OF    MEMBERS. 


75 


NEW  JERSEY— Continued 

Perth    Amboy — 

Antisell,   F.   L- 
Fisher,   H.   W. 
Hume,   Neil 
McNitt.    R.    J. 
Peakes,  G.   L.  i 

Peck,  E.  B. 
Rasmussen,  F.  J. 
Roessler,   F. 
Rossi,   Louis  M. 
Skowronski,   S. 
Stewart,  M.   E. 
Waring,    T.   D. 
Pbillipsburg — 

Baker,    John    T. 

PlainHeld — 

Hibbard,    H.   D. 
Manahan,   Paul    R. 
Sheffield,   "W.    T. 
Spicer,    C.    W. 
Princeton — 

Furman,   N.    H. 
Heisig,   G.   B. 
Hulett,   G.   A. 
Northrup,  E.  F. 
Smith,  D.   P. 
Taylor,  H.  S. 

Rahway —  ,  , 

Maeulen,  Frederick 
Murray,    B.   L» 

Red  Bank — 

Moore,  C.  W. 

Ridgewood — 

Czarneckl,  F.  C. 

Roselle — 

Grymes,  E.   S. 

Rutherford — 

Schroeder,  C.  M.  E. 

Sewaren — 

Buttneld,   W.   J. 
Cowles.    A.    H. 

Short  Hills — 

Hough,   Arthur 

South  Orange — 

Bajda,  Jas.  J. 
Yunck,  Carl  I. 
Yunck,   J.    A. 

Summit — 

Hornsey,   J.   W. 

Trenton — 

Barter,  Wickham 
Pardee,  "W.  D. 
Porter,   H.   F. 
Saums,  H.  L. 
Cpper  Montclair — 
Buzby,  A.   D. 

Watchung — 

Moldenke,   Richard 

Weehawken — 

Kraus,   Ernest 
Lalse,   C.   A. 
Schubert,   B.   H. 

Westfleld— 

Alexander,    H.    H. 

West  Orange — 

Pedersen,   A.    Z. 
Worth,   B.   G.,   Jr. 

Wood  Ridge — 

Carrier,   S.    C. 


NEW  MEXICO 

Carrizozo^ 

Wright,   J.   E. 

Santa  Fe — 

Grubnau,   G.   M. 


Lyons.    C.    F. 

NEW   YORK 

Albany — 

Adams,    J.    F. 
Daft,   Leo 
Paulsson,    Axel 
Pulman,    O.    S. 

Aniagansett — 

Leak,    N.    \.. 

Astoria — 

Bernabo.    Louis 
Lewis,   C.   A. 

Auburn — 

Case,   T.    W. 

Barnard — 

Schneider,   Louis 

Batavia — 

Walker,   E.   C    3d 

Bedford  Hills- 
Howe,    H.    M. 

Bcechurst   (I^.  I.)  — 
Landis,   W.  S. 

Blasdell — 

Harty,    W.   A. 

Brooklyn — 

Altenberg,  Leo 
Behnken,  H.  E. 
Burger,  Alfred 
Cecere,  T.  J. 
Cowan,  W.  A. 
Dorsam,  W.  C. 
Edwards,    I.    W. 

Erhart,    W.    H. 

Foster,  O.   R. 

Gumaer,    P.    W. 

Harkins,    W.    D. 

Harkness,   W.    E. 

Honeyman,    R.    B.,    Jr. 

Hooker,   S.   C. 

Keenan,   T.   J. 

Landolt.   P.   E. 

Lang,  Franklin 

Lodyguin*-,   A. 

Mahoney.   J.    N. 

Pack,   Chas. 

Schultz,    F.    H. 

Scott,   L.    C. 

Sperry,   E.    A. 

Taylor,   F.  D. 


Biitlalc 


Albright,    L. 
Bierbaum,    C.   H. 
Carrier,   W.    H. 
Cushing,   H.   M. 
Doty,   E.   L. 
Grotzinger,   John 
Harrington,    R.    M. 
Jones,   W.   B. 
Kempke,   C.   W. 
Knox,    L.    B. 
Loncteaux,    L.    W. 
McBerty,  Ford  H. 
Neal,   J.    R.    H. 
Patch,   N.   K.  B. 
Rahill.    E.    J. 
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Read,    Wm.    C. 
«  Redneld,    C.   A. 

Rlppel,   E.   G. 

Ruthenburg,    Marcus 

Sicard,    H.    C. 

Stephenson,    H.    L. 

Underwood,  C.  W. 

Van  Marie,  D.  J. 

Ward,   H.   Lee 

Wilke,   Wm. 

TVood,    C.   H. 

Yag-er,   J.  J. 

Zaremba,   Edward 
Canandalgua — 

Phillips,   Ross 
*     Weeks,  F.   D. 
Clinton — 

Saunders,   A.   P. 
Corning — 

Hood.    H.    P. 

Kelsey,    V.   V. 

Sullivan,    E.   C. 
Croghan — 

Sisson,   G.    H. 
Douglaston    (L,.  I.)  — 

Vom  Baur,   C.   H. 
Dunkirli — 

Lounsberry,   F.   B. 
Elmira — 

Carrier,   C.   F.,   Jr 
Flushing-    (L.  I.)_ 

Kemper,  D.   A. 

Watson,   P.    B. 
Fort  Plain- 
Fox,  W.  J. 
Herkimer — 

Patterson,    C.   T. 
Ithaca — 

Bancroft,  Wilder  D 

Barrett,    W.    R. 

Gillett,    H.   W. 

Milligan,    L.    H. 
Jamaica — 

Brons,   H.    F. 

De  Fries,    H.    A. 
Kenwood — 

Reeve,  A.   G. 
LaSalle— 

Allen,   D.   E. 

Gilbert,   H.   N. 

AVilson,   N.   A. 
Lawrence  (Li.  I.) 

Guiterman,   K    S. 
Little  Falls- 
Tinkler,   L.   G. 
^Lockport — 

Howard,    L.    E. 

Kenan,    W.    R.,    Jr. 

Neal,  J.    B. 
Long  Island  City — 

Eird.«all,  "o.  G. 

Reed,   D.   C. 

Rees.   R.   R. 
Lyon  Mountain — 

Brakes,   James 
MasBena — 

Doerschuk,  V.   C. 

Mantel,    Chas. 

Whltaker,   A.   W.,   Jr. 

Wilmore,   C.  B. 


NEW  YORK— Continued 
Monticello — 

von  Isakovics,   Mary  U. 
Mt.  Vemon — 

Dennis,    R.   E. 
Wilson,   C.    H. 

New  Brighton,  S.  I. — 

Walter,  H.  W. 
New  York  City — 

Abbe,  P.  O. 
Acheson,    E.    G. 
Adamson,  G.  P. 
Addicks,   L. 
Aldridge,   W.    H. 
Alley,  J.   C. 
Alley,  W.    R. 
AUyn,    R.    S. 
Atwater,   C.    G. 
Barnes,  H.   H.,  Jr. 
Barrows,  F.  E. 
Barstow,    W.    S. 
Eateson,   C.  E.  W. 
Bauer,   A.   D. 
Beck,   E.  A. 
Bedell,   E.  H. 
Blossom,    E.    L. 
Bogue,    C.  J. 
Bowrnan,  W. 
Brindley,   Geo.   F. 
Brown,   H.   P. 
Browne,   deC.   B. 
Brumberg,   Geo. 
Buch,  N.  W. 
Buck,   H.  W. 
Buck,   L.  J. 
Buckie,    R.    H. 
Bull,   I.  C. 
Bump,    M.    R. 
Cameron,  W.   S. 
Cardoza,  J.  B.  N. 
Carse,   D.   B. 
Chand.ler,  C.  F. 
Chappell,    H.   F. 
Clark,    W.    G. 
Clark,  W.  J. 
Coho,   H.  B. 
Cohoe,  W.    P. 
Colcord,   F.  F. 
Cone,   E.   F. 
Cooper,   K.  F. 
Corning,   C.   R. 
Cunniff,   John 
De  Geer,  Gerard 
Deppe,  W.   P. 
Devorken,   Harry 
Doerfinger,   W.   F. 
Doremus,    C.    A. 
Dorr,    J.   V.   N. 
Dreyfus,   W. 
Duce,   J.   F. 
Dutton,   W.    C. 
D'yrssen,  Waldemar 
Eagle,  H.  Y. 
Eckelmann,    L.   E. 
Eimer,   A. 
Englehard,    C. 
Featherstone,  W.  B. 
Field,    Crosby 
Fink,    Colin   G. 
Fish,   Job,   Jr. 
Fitting,    R.    U. 
Fitzgerald,   W.   V. 
FitzGibbon,   R. 
Fleming,   R. 
Ford,    F.    E. 
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New  York  City — Continued 

Frank,   K.   G. 
Fries,    H.    H. 
Fukuzawa,    T. 
Gaines,  R.  H. 
Glenn,   E.  R. 
Goepel,    C.   P. 
Gray,   J.   H. 
Green,    R.    deC. 
Grosvenor,  W.   M. 
Halconib,   C.   H. 
Hale,   E.   W. 
Hambuechen.  Carl 
Hampton,    W.    H. 
Hansen,   N.    V. 
Harris,   J.   W. 
Hatzel,   J.    C. 
Havill,   O.   A. 
Hendrie,    G.    A. 
Hendry,   "\V.   F. 
Herty,   C.   H. 
Hill,    H.    P. 
Hill,    N.    S.,    Jr. 
Hirsch,   Alcan 
Hirschland,   F.    H. 
Hoge,  J.  F.  D. 
Hotchkiss,  F.   H. 
Hunt,  A.   M. 
Huntoon.   La.  D. 
Hurum,   F. 
Iliff,   J.   W. 
Ingalls,  W.   R. 
Iwata,   Hlroslii 
Jacobson,    B.    H. 
Jacoby,   H.   E. 
Jicha,   John 
.Tordon,  W.  L. 
Jorgensen,  E.  L. 
Junqueira,   S.  M. 
Kahn,  Julius 
Keller,   Edw. 
Kennedy,  J.  J. 
Kern,    E.    F. 
Kingsley,   E.   D. 
Klipstein,  E.    C. 
Knapp,    Geo.   O. 

Kohn,  M.   M. 

Kunz,    G.   F. 

Langmuir,   A.  C. 

Leavitt,  Wm.   F.   B. 

Ledoux,    A.    R. 

Lepsoe,    Robert 

Liebmann,    A.    J. 

Lloyd.    R.   McA. 

Loebell,  H.  O. 

Lovejoy,   D.   R. 

MacDonald,  J.   A. 

Madsen,    C.    P. 

Magnus,   Benjamin 

Maier,    C.   G. 

Maillou.x,  C.   O. 

Manning,   P.    D. 

Mantius,    Otto 

Marsli,    C.  W. 

Martin,    T.    C. 

Marvin,   A.   B. 

Mason,   F.   S. 

Mastick,    S.   C. 

Mathewson,  E.   P. 

Mays,  S.  "W. 

McDaniel,  A.   S. 

Mershon,    R.   D. 

Metz,  G.  P. 

jretz,   H.  A. 

Metzger,  F.   J. 


NEW   YORK — Continued 

New  York  City — Continued 

Miller,    B.    H. 
Miller,   D.   D. 
Moody,   H.    R. 
Morehead,   J.    M. 
Morgan,    J.    L.    R. 
Morrison,    A.    C. 
Mortimer,    J.    D. 
Mueser,   E.   E. 
Muir,  J.   M. 
Musciienheim,  F.   A. 
Myers,   W.   S. 
Nakano,    Y. 
Nichols,    W.    H. 
Nichols,   W.    S. 
Norton,    W.    S. 
O'Neill,  W.   J. 
Onoda,   N.    P. 
Parmelee,    H.    C. 
Pennie,   J.   C. 
Petinot,    N. 
Pranke,  Edw.   J. 
Price,   E.    F. 
Prosser,   H.  A. 
Raibourn,   P.  A. 
Raimondo,    Sebastiano 
Randall,   J.  W.  H. 
Reeds,   S.    A. 
Reed,    S.   A. 
Reid,  G.  H. 
Reno,    J.   W. 
Ricketts,    L.    D. 
Riglander,    M.    M. 
Riker,   J.   J. 
Riley,    L..    A..    2d 
Roller,    F.    W. 
Ross,    Elbert 
Roth,    C.    F. 
Ruffner,  C.  S. 
Ruhl,    L. 
Ruhm,    H.    D. 
Sachs,   A.   P. 

Sargent,    G.   J. 

Schildt,   H.    R. 

Schloss,   J.  A. 

Schuetz,    F.    F. 

Schuyler,    A.    H. 

Scott,    E.    K. 

Seward,   G.  O. 

Sharp,  C.   H. 

Shimada,    M. 

Simon,    C.   K. 

Singer,  C.  E. 

Smith,   Dyer 

Smith,  E.  A.  Cappelen 

Snook,  H.   C. 

Southgate,   G.   T. 

Sowers,    Ossa 

Spandow,   W.    E. 

Speed,    Buckner 

Speiden,    C.    C. 

Speirs,    Chas.   E. 

Spicer,    H.   N. 

Starr,   H.  W. 

Statham,   Noel 

Stevenson,    Reston 

Stockelbach,    F.    E. 

Stoughton,  Bradley 

Summers,   L.  L. 

Swenarton,   W.   H. 

Takamine,  J. 

Takamine,   J.,    Jr. 

Tate,  A.  O. 

Teeple,  J.  E. 

Thatcher,    C.    J. 
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Toch,    M. 
Tucker,   S.   A. 
Waddell,    M. 
"Wadleigh,   F.    R. 
Walker,   A.   L. 
Walker,  G.   E. 
Walker,   R.  G. 
Ward,   A.    T. 
Warner,    F.    H. 
Washburn,   F.   S. 
Waterman.    F.    N. 
Weber,  J.   E. 
Weintraub,    Ezechiel 
W^estervelt,  W^.   Y. 
Wheeler,   A.    E. 
W^hltaker,    M.   C. 
White,    J.    G. 
Wigglesworth,    H. 
Williams,    A. 
Williams,  L.  W. 
Winship,    W.    W. 
Witherell,    C.    S. 
Wolf,  H.  J. 
Wright,    Arthur 
Zons,   F.    W. 

Niagara  Falls — 

Acheson.    E.    G.,    .Tr. 
Avery,   J.    M. 
Bakken,   H.    E. 
Baldwin.   R.  L. 
Barton,   P.   P. 
Becket,   F.  M. 
Bishop,   Robert 
Bliss,   W^m.    Lord 
Brallier,    P.    S. 
Brown,  R.  G. 
Campbell,  Geo. 
Carveth,   H.    R. 
Case,    F.    P. 
Chace.   R.   T. 
Cole.  E.   R. 
Converse,   V.    G. 
Cox,   G.   E. 
Critchett.   .T.    H. 
Downs,   J.   C. 
rninlap,   O.   E. 
Edmands,    I.    R. 
Field,   A.   I.. 
Field,  B.   E. 
FitzGerald,  F.    A.   J. 
Fowler,  R.  E. 
Fuller,    G.    P. 
Galley,    A.    J. 
Gegenheimer,  R.   E. 
Glaze,   John  B. 
Griffith,   J.   R. 
Guinther,   .John 
Hamann,   A.    JI. 
Hardie.  C.  G. 
Harper,  J.    L. 
Hartmann,  M.   L. 
Harvey,   W.   G. 
Hauman,    E.   L.. 
Herzog,    G.    K. 
Hills.   L.  H. 
Hinckley,   A.   T. 
Hinman,    R.    G. 
Hix.    Edward  L. 
Hooker,    A.    H. 
Houser,  C.   S. 
Hutchins,    Otis 
Imlay,  L.   E. 
Johnson,  J.  A 
Judson,   L.    C. 


NEW   YORK — Continued 
Niagara  Falls — Continued 

Kellogg,  H.  W. 

Kemmer,   F.   R. 

Koethen,   F.  L. 

Kokatnur,   V.   R. 

Lansing,  C.    N. 

Lavene,   H.   A. 

Lee,   H.  R. 

Lidbury,   F.    A. 

Low,   F.   S. 

Lyster,   T.    L.    B. 

MacMahon,  J.  D. 

MacMillan,  J.   R. 

Marshall,  J.   G. 

Mauran,    M. 

lIcKnight,    W.    A. 

McMillen,    Herbert 

Jleredith,   W.    F. 

Miller,   D.   R. 

Moritz,    C.    H. 

Morley,    M.    H. 

Mover,    G.    C. 

Muggleton,  G.  D. 

Noyes,    H.    L. 

Nutting,    E.    G. 

Oatman,   A.   B. 

Ohliger,   L.   P. 

Osborne,    S.    E. 

Patterson,    L.   G. 

Patterson,    T.    A. 

Plock,   A.   F. 

Ross,   Wm. 

Rossi,   A.  J. 

Rowland,   J.    M. 

Rykenboer,    E.   A. 

Savage,    P.   G. 

Schoellkopf,   P.    A. 

Sergeant,    E.   M. 

Sims.   C.    E. 

Simmers.  A.   L. 

Smith,  Acheson 

Smith,   E.   S. 

.Snowdon,   R.    C. 

Speiden,  E.   C. 

Stamps,   F.  A. 

Stillesen,  .T.   M.   A. 

Stone,   G.   W. 

Tone,   F.   J. 

Turnbull,   Robert 

Udy,   M.   J. 

Uptegraffi   T.   M. 

Vaughn,    C.    F. 

W'allace,  W. 

Walworth,   S.  L. 

Wells,   H.    P. 

Wescott,   E.  W. 

White,   H.   E. 

White,    R.   H. 

Williamson,   A.   M. 

Tngve,  Victor 
Nyack — 

Betts,  A.   G. 
Oneida — 

Bailey,  R.  O. 

Shartzer,  E.  S. 
Pelham — 

Brown,    C.   J. 
Fenn  Tan — 

Taylor,   C.  E. 
Port  Riclimond   (S.  I.)  — 

Strauss,    F.  A. 
Potsdam — 

Roess,   Harold 

Russell,    L.    K. 
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NEW  YORK— Continued 
Prince  Bay  (L,.  I.)  — 

Johnston,   P.  A. 
Ricliinond  Hill    (L,.   I.)  — 

Haslwanter,   C. 

Herreshoff,   J.   B.,  Jr. 

Koch,  G.  W. 
Rochester — 

Burch,   W.   S. 

Miller,   S.  W. 

Seger,   G.  E. 

Sheppard,    S.    E. 

Will,    R.   T. 

Schenectady — 

Allen,   O.   F. 

Andrews,    Mary    R. 

Andrews,  W.   S. 

Arsem,   W.    C. 

Berg,    E.   J. 

Coffin,    F.    P. 

Collins,    E,    F. 

Coolidge,    Wm.    D. 

Crelghton,   E.   E.    F. 

Dantslzen,   Christian 

Dushman,   Saul 

Hansen,   C.  A. 

Hawkins,   L..  A. 

Hilliard,    J.    D. 

Isshiki,    T. 

Kienle,    R.    H. 

Langmuir,    I. 

Lof,   E.   A. 

McTerney,    P.    A. 

Murphy,    E.   J. 

Relst,    H.   G. 

Rice,  E.   W.,  Jr. 

Rushmore,    D.    B. 

Seede,    J.    A. 

Steinmetz,  C.  P. 

Taylor,   J,  B. 

Thurston,   L.   S. 
"Van  Brunt,   C. 
Whitney,    W.    R 
WiUey,   L.   M. 
Winne,   H.   A. 
Zeh,   G.   G. 
Sherrill — 

Thurber,   A.    E. 
Stony  Point — 

Hood,    H.    P. 
Syracuse — 

Bellinger,  H.  P. 
Berry,   G.  M. 
Brookfield,   W.   B. 
Conklin,  E.   B. 
Handy,   B.   H. 
Houghton,   A.    C. 
Moore,   E.  T. 
Newklrk,  E.  D. 
Pearce,  W.  C. 
Pennoek,   J.   D. 
Tottenville    (S.  I.) — 

Temple,   Sterling 
Wagner,  C.  S. 
Troy — 

Albright,  P.  S 
Bellaeff,   S. 
Bryson,    T.    A. 
Hunter,   M.   A. 
Jones,  Augustus 
Lincoln,   A.    T. 
Matyas,    J.    R. 
Rosenholtz,  J.  L. 
Voorhles,  J.   A. 


NEW  YORK — Continued 
Tuclcahoe — 

Elbert,  J.  J. 
Utica— 

Putnam,   G.   I. 

Steele,  F.  B. 
Watertown — 

Wilder,  M.  S. 
Watervliet — 

Dudley,  Boyd,  Jr. 
Vonliers — 

Baekeland.   L.  H. 
Duurloo,   F. 
Eldridge,    C.    H. 
Morey,  S.  R. 

NORTH   CAROLINA 
Badln— 

Parks,  R.  E. 
Charlotte — 

Gilchrist,    P.    S. 
Lee,  W.  S. 
Clemmons — 

Pickens,    Rufus    H. 

OHIO 

.Al(ron — 

Knight,    M.   A 
Shaw,    E.   C. 
Alliance — 

Baily,   T.    F. 

Cope,   F.  T. 
Barberton — 

Austin,    A.    O. 

Lyons,  H.  N. 
Berlin  Heights — 

Jenkins,  L.  S. 
Canton — 

Euckwalter,   T.   V. 

MacGregor,    Walter 
Chagrrin  Falls — 

Burwell,   A.    W. 
Cincinnati — 

Bray,    C.   A. 
Dittmar,    Carl 
Ecker,  Howard,  Jr 
Elliott,    Geo.    K. 
Hughes,   J.    S. 
Pugh,    A.    H„    Jr. 
Cleveland — 

Arnold,   E.   A. 
Barron,   A.  N. 
Blake,   H.  D. 
Blouch,    H.    H. 
Booth,    H.   S. 
Chaffe,  J.   B.,  Jr. 
Clymer,   W.    R. 
Evans,   L.   L. 
Fahrenwald,    F.    A. 
Fleming,   S.   H. 
Foster,    C.    L. 
Frank,   E.   C. 
Gardner,   J.    H. 
Goss,    B.    C. 
Graves,   W.   G. 
Hamister,  V.  C.  H. 
Hasslacher,   Jacob 
Hemingway,  Frank 
Herron,  J.  H. 
Howard,   Henry 
Hyde,  E.  P. 
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OHIO — Contiiined 
Cleveland— Continued 

Koehler,  W. 
Kranz,   W.   G. 
Laib,   Walter 
Lapidos,    R.    H. 
Lincoln,   P.   M. 
Marshall,  G.  G. 
Maschke,    Otto 
Mcintosh,  H.   G. 
Megroot,    J.    P- 
Merrill,   G.    S. 
Morgan,   H.  J. 
Munn,  J.  C. 
Pratt,    E.   B. 
Reinhardt,   W.   L- 
Richardson.  E.  A. 
Saunders,    E.    H. 
smith,    A.    W. 
Tower,    O.   F. 
Wallau,    H.   L. 
"Weidenthal,  H.  G. 
Whitlock,  B.   H. 
Wilcox,   W.   G. 
Woodward,  J.   M. 

Columbus — 

Coe,   E.   R. 
Efemorest,    D.   J. 
French,   E.   H. 
Lower,    J.    R- 
'      Moormann,  T.   A. 
Schaaf,  Downs 
Wlthrow,  J.  R- 

Dayton — 

Clements.   F.   O. 
Fox,   C.   P. 
Hummert,  R.  H. 
May,   R.   B. 
Niswonger.   B.  E. 
Williams,   H.  M. 

East  Palestine — 

Owen,  F.   E. 

Elyria — 

Stark,   B.   B. 

Fostoria — 

Downes,   A.   C. 

Fremont — 

Goodwin,    J.   H. 

Gallon — 

McBerty,   F.    R. 

Granville — 

Freas,   F.   B. 

Lakewood — 

Bullock,    A.    R. 
Chaney,   N.    K. 
Chase,   W.   S. 
Drefahl,    L.    C. 
Glllingham,   C.  A. 
Hazelett,    C.  W. 
Krejci,    M.   W. 
Kuhn,  H.   M. 
McQuaid,  H.  S. 
Mott,   W.   R. 
Ordway,   D.   L. 
Reld,   R.   R. 
Russell,   C.  A. 
Schmidt,  J.  H. 
Waltt,   W,   G. 

Mansfield — 

Scott,  W.   S. 
Wolf,  F.   L. 


OHIO — Continued 

Middletown — 

Ahlbrandt,   G.   F. 
Aupperle,    J.    A. 
Beck,   W.   J. 
Eldridge,    S.    E. 

Napoleon — 

Long,   G.   E. 
Norwood — 

Bell,   Wm.   H. 

Portsmouth — 

Wooldridge,  W.  J. 

Ravenna^ — 

Mann,   W.  W. 

Salem — 

Davis,  D.  L. 
Eberwein,    S.   J. 

Springfield — 

Ring,   C.  W. 

Toledo — 

Ensign.    R.    W. 
Moorhouse,  L.   B. 
Xagel,    W.   G. 
West,    P.    A. 

Wadsworth — 

Shapiro,    H. 

Youngstown — 

McKeown.   Wm. 
Russell,    D.   A. 

OKI^AHOMA 

Bartlesville — 

Mize,   M.   D. 

Muskogee — 

Born,    Sidney 

Norman — 

Williams,    G.    Y. 

Tulsa — 

Cleage,    T.    D. 
Higglns,    B.    C,    Jr. 
Kroll,     Cornelius 
Miller,    Walter 
Taber,    G.    H.,    Jr. 

OREGON 

Athena — 

Bennett,    W.    E. 

Corvallis — 

Rowland,    F.    E. 

Grands  Pass — 

Corliss,    H.    A. 

Parkdale — 

Slaten,   F.   W. 

Portland — 

Hall.  E.  L. 
Morrison,   W.   L. 
Oldright,    G.   L. 
Strong,  R.  K. 

PENNSYLVANIA 

Allentown — 

Snelling,    W.    O. 

Altoona — 

Casselberry,    H. 

Ambridge — 

Meineke,   O.   H. 

Arnold — 

Forman,  L.   P. 
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PENNSYLVANIA— Continued 

Asptnwall — 

Hedden,    S.   E. 
Hessom,   B.    P.,   Jr. 
McMillen,   R.   H. 
O' Donovan,    J.    S. 

Bearer — 

Dougherty,    J.   W. 
Berwyn — 

Scholl,   W.  D. 
Bethlehem — 

Buck,   C.   A. 

Burgess,  C.  W. 

Butts,   Allison 

Fehnel,   J.  Wm. 

Hommel,    R.   P. 

Kamura,    H. 

Kay,   M.  J. 

Lehr,   H.    D. 

Luckenbach,    L.    J. 

MacNutt,    Barry 

Mumma,   P.   F. 

Pulsifer,    H.    B. 

Richards,    J.   W. 

Roush,   G.  A. 

Salmon,   C.   P. 

Seyfert,   S.    S. 

Smull,   J.   G. 

Spurrier,    J.    R. 

Uihlein,  R.  A. 
BracUenridg:e — 

Connell,   H.  R. 

Ober,    J.   E. 
Braebun — 

Schilling,    H.   A. 
BridgeTille — 

Anderson,   A.    N. 

Saklatwalla,   B.   D. 
Canonsburg — 

Nicholson,    K.   C. 

Vogt,    L.   F. 
Charleroi — 

Eakin,   C.   T. 

Grossman,   M.  A. 
Chester — 

Comey,  A.  M. 

Krause,  W.   B. 
Conshohocken — 

Davis,   F.  W. 
Coraopolis — 

Hensen,    Emil 

Stafford,  S.  G. 
Creighton — 

Cox,   S.   F. 

Gelstharp,   F. 
Cynwyd — 

Parkhurst,  C.  W. 
Dnquesne — 

Burroughs,    D.    C. 

Cummins,   A.   C. 

Rockoff,    A.   A. 

Stewart,    H.    M. 
Saston — 

Gordon,   C.  McC. 

Hart,    E. 

Mack,  H.   F. 

Shimer,  E.   B. 
Ellwood  City — 

Dunn,    J.   J. 

Offutt,  J.   W. 


PENNSYLVANIA— Continued 

Emaus — 

Sefing,   F.   G. 

Erie — 

Valentine,    I.    R. 
Gettysburg — 

Parsons,   L.   A. 
Glen  Loch — 

Rittenhouse,   E. 
Greensburg — 

Koppitz,   C.  G. 
Grove  City — 

Walker,   J.  A. 
Harrlsburg — 

Kinter,   G.    R. 

Smith,   J.   H. 
Holtwood — 

Bang,  A.  F. 

Irvin — 

Clark,   K.   G. 
Jenkintown — 

Davis,    R.   W.,   Jr. 
Lancaster — 

Faber,    H.    B. 
Lansdowne — 

Kent,    S.    L. 
Latrobe — 

Garratt,    Frank 

Gill,    J.    P. 

Sherk,   H.   C. 
Lebanon — 

Weimer,    E.   A. 

Mars — 

Adair,   W.    R. 

McKeesport — 

Goodspeed,    G.   M. 

Media — 

Brooke,  F.  W. 

Milton- 
Forrester,    W.    R. 

Monessen — 

Owens,   E.  W. 

Mount  Airy — 

Hall,   C.  A. 

Mount  Penn — 

Esterly,    J.    E. 
Kramer,    L.   B. 

Blount  Union — 

Harvey,   F.   A. 
3Iunhall — 

Hopkins,    G.   A. 
Natrona — 

Darlington,   H.    T. 
Huff,    E.    L. 
New  Kensington — 

Beatty,    H.    H. 
Bell,    A.    D. 
Blough,   Earl 
Churchill,   H.   V. 
Hamor,    W.    A. 
Oakmont — 

Frary,   F.   C. 
Moore,  J.   R. 

Oil   City— 

Bayless,  F.  B. 
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F£NN  SIXVANIA — Contlnned 

Palmerton — 

Breyer,  F.   G. 
Holsteln,    L.    S. 
Vanderwaart,    P.    T. 
Parkesbnrg — 

Beale,  H.  A. 
Philadelphia — 

Asef,  Waldemar, 
Atkinson.  Wm.  W. 
Bash,    F.    E. 
Bassett,    H.   P. 
Baush.J.   R. 
Benoliel,   S.   D. 
Blasius,   C.    E. 
Bonlne,    Chas.   E. 
Brophy,   O. 
Brown,   R.   P. 
Callen,    A.    S. 
Canfield,  J.   M.,   Jr. 
ChlUas,   R.   B. 
Clamer,    G.   H. 
Cooney,   E.    R. 
Corbin,    J.    Ross 
Dalton.  Walter 
Devereux,   W. 
Eglin,    W.    C.   L. 
Fletcher,  W.   E. 
Foglesong,   J.   E. 
Fulweller,    W.    H. 
Furness,   R. 
Gellert,  N.   H. 
Gersen,  F.  C. 
Glbbs,  A.  E. 
Gould.   Jy.  F. 
Graham,  A.  K. 
Guest,   I.    S. 
Halg,   J.   E. 

Harrison.    W.    E. 
Herlng,   Carl 

Hess,  H. 

Hitchcock,   F.   R.    M. 

Hodson,    Frank 

Holland,   W.   E. 

Howard,  G.  M. 

James,   W.   F. 

Keith,   N.   S. 

Koons,  M.  R. 

Kunimer,  M.   T. 

Kutz,    Milton 

Lafore.  J.   A. 

Laird.    K.   V. 

Lavlno,    B.    J. 

Lay,  J.  T. 

Levin,    I.    H. 

Lucas,   C.   C,  Jr. 

Lukens,  H.   S. 

Mahlman,   O.  I^. 

Malnwaring,   W.   D. 

McConnell,   J.   Y. 

Meigs,  C.   C. 

Merzbacher,   Aaron 

Moerk,    F.    N. 

Mottinger,   B.   T. 

Neville,    Nell 

Oldach,   F.   W. 

Paul,   H.   N. 

Peirson,   C.   L. 

Reich,  J.   S. 

Rosenfeld,   J.   R. 

Rosengarten,    G.   D. 

Ross,   E.    S. 

Russell,    C.    J. 

Ryan,  F.   J. 

Sadtler,   S.   P. 

.«»adtler,   S.  S. 


FENXSYLVANIA — Continued 
Philadelphia — Continued 

Salom,   P.   G. 
Schamberg',   M. 
Scott,  W.   M. 
Short,   Frank 
Smith,    E.    F. 
Smith.   E.  W. 
Smith,  J.   B. 
Stevens,   J.    F. 
Styrl,   Haakon 
Taggart,  W.   T. 
Taylor.  H.  N. 
Thompson.  C.  M.,  Jr. 
ThT^^ing.   C.   B. 
Toll,   J.   D. 

Weisenburg,    Andrew 
Williams,  H.   J. 
Wirt,  Chas. 
Pittsburgh — 

Aston.    James 
Bacon.  R.  F. 
Blakeslee,    D.   W. 
Brown,  John  T.,   Jr. 
Brownlee,    R.   H, 
Buck.   D.   M. 
Caplan,   S.   J. 
Carpenter,   C.    H. 
Clarke,   E.    B. 
Crabtree,   F. 
Darrin,   Marc 
Dunn,    H.    E. 
Edgerton,   C.   T. 
Eschholz,    O.    H. 
Gadsby,    Geo.    M. 
Gibson,   C.    B 
Goodale,   S.    L. 
Graef,   W.   H. 
Graybin,  J.   H. 
Hartley,   R.  H. 
Hecker,   Chas. 
Hlgglns.    D.    F. 
Hitchcock,   H.   K. 
Hoover,    P.    L. 
Imhoff,  W.   G. 
Jacoby,  H.  M. 
James,  J.  H. 
Jones,    G.    W. 

Kemery,   P. 

Kler,    S.   M. 
Laughlin,  H.   H. 

Lindsay,    W.    H. 

Loeffler,  Geo.  O. 

MacRae,   Duncan 

Mathlas,   D.   L. 

McDonald,  R.  A. 

McKinley,    Jos. 

McNlff,   G.  P. 

Mathews,    J.   A. 

Meyers,    H.   H. 

Moore,   R.    W.    E. 

Moore,   W.   E. 

Nairn,  J.   M. 

O'Neil,   R.  D. 

Page,    G.    S. 

Palmer,    Chaa.    S. 

Pinkerton,    A. 

Pope,    Chas.    E. 

Robblns,   Chas. 

Rodman,  C.   J. 

Schluederberg,    C.   G. 

Schoepf,    T.    H. 

Silverman,  A. 

Simmons,   C.   W. 

Skinner,   C.  E. 

Slocum,  F.  Li. 
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PENNSYLVANIA— Continued 
Pittsburgh — Continued 

Snyd«r,   C.   G. 
Speller,   F.   N. 
Staley,  F.  R. 
Stone,  E.  C. 
Tafel,  Theodore,  Jr. 
Taylerson,   E.  S. 
Turnock,   E.  Hill,  Jr. 
Turnock,   L.   C. 
Uhlenhaut.   F.,   Jr. 
Unger,  J.   S. 
Viol,    C.   H. 
Weidleln.    E.    R. 
Wilcox.    E.    A. 
Wiley,   B. 
Wil-son.    I.    W. 
Tardley,   J.   L.    McK. 
Zimmerman,  R.  E. 
Primes — 

Boericke,    G. 
Pnlaslii — 

McCullough,   H.   F. 
Reading — 

Miller,   Daniel 
Roaring:  Springs — 

McDonald,   F. 
Scranton — 

Winkel,    Herbert 
State  College — 

Armstrong,    H.    M. 
Chedsey,  W.   R. 
Knight,   O.  A. 
Soley,  W.   G. 
Steeiton — 

Reed,  J.   C. 
St.  Marys- 
Sullivan,   A.    P. 
Wilson,    G.    C. 
Swarttunore — 

Alleman,  G. 
Creighton,   H.  J. 
Sackett,    B.    R. 
Swissvale — 

Grondahl,   L.   O. 
Lewis,  J.  D. 
Marden,  J.  W. 
Tamaqua — 

Brown,   K.   R. 
Long,   R.  A. 
Tarentnm — 

Parkinson,    J.    C. 
Titnsville— 

Evans,    C.   T. 
Tyrone — 

Woodbridge,    W.    B. 
Cniontown — 

Fleming,    H.   P. 
Verona — 

Rodman,  Hugh 
Washington — 

Arnold,    H.    C. 
Duval,    A.    L. 
Sargent,  G.  W. 
Weitzenkorn,    J.   W. 
Willdnsburg— 

Hewitt,   A.   C. 
Hineline,    H.    D. 
Johnson,  J. 
Lewis,  J.  W. 
Ross,   E.   E. 
Wills,    W.    H.,   Jr. 


PENNSYLVANIA— Continued 
Wyomissing — 

Parker,  J.   H. 
Yorlt— 

Bleakley,  W.   Y. 
Flneman,   Carl 
Smith,    Lyon 

RHODE  ISLAND 

Ne«-port — 

Eppley,  Marion 
Providence — 

Andrews,    J.    H. 
Chambers,   R.   F. 
Nagelvoort,   Adriaan 
Saunders,    W.    M. 
Thurber,    J.    H. 
Willson,    Ellery    S. 

SOUTH   CAROLINA 

Charleston — 

Hughes,  H. 
Columbia — 

Mills,  J.  E. 
Sumter — 

Van  Deventer,    H.   R. 

TENNESSEE 
Alcoa — 

Glascock,   B.   L. 
Bristol — 

Hiddleson,    W.    A. 
Chatta  nooga — 

Davison,    G.    L. 

Kruesi,   P.  J. 

Waldo,    W.    G. 

Wiggins,  C.  Q. 
Kingsport — 

White,    J.    F. 

Whitnall.   R.   T. 
Knoxville — 

Mitman,  Wm.   T. 

Sammons,  W.   R. 
Maryville — 

Swany,  G.  R. 
Mascot — 

Ammon,   Robert 
New  Market — 

Livingston.   W.   S.,   Jr. 
Signal   Mountain — 

Taylor,    W.    W. 

TEXAS 

Austin — 

Schoch,   E.    P. 

Walker,   T.   B. 
El   Paso— 

Fraser,   Lee 

Schimerka,    F.   S. 
FoA  Worth — 

Eastman,    H.    M. 
Houston^ 

Henst,    J.   Vander 

Kroemer,   F.    W. 

Welser,    H.    B. 
Palestine- 
Hunt,  N.  H. 
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TEXAS— Continued 
Port    Arthiir — 

Roberts.    G.    I. 

Slater,    W.    A. 
San  AntoBio — 

Williamson,   P.   B. 

Waxahachie — 

Alexander,  C.   M. 

Wichita    Falls — 

Bowman,   F.    C. 

UTAH 

Eureka — 

Grandberg,    Ericus 

Marysvale — 

MacCarthy,   F.   B. 

Mldvale — 

Cullen.    J.    F. 
Hamilton,    E.    H. 

Park  City- 
Ellsworth,   J.  T. 

Payson — 

Moulton,   Ernest 
Pleasant  Grove — 

Hayes,    J.    J. 
Provo  City — 

Smith.   F.   W. 

Salt  Lake  City — 

Cameron,    F.    K. 
Fleming,   E.    P. 
Koering,    B.    R. 

VERMONT 

Xorthfleld— 

Howard,   S.   F. 

VIRGINIA 

Alexandria — 

Fawcett,   L.    H. 
. lyanhoe — 

Kearns,    E.   J. 
Norfolk — 

Webb,   L.   W. 
Parr — 

Davison,  A.  W. 

Moxham,    A.    J. 
Boanoke — 

Brown,   F.   C,   Jr. 
SaltTille — 

MacMahon,   J.    H. 

DniTersity — 

Dunnington,    F.    P. 

WASHINGTON 

Cbewelah — 

Dolman,   C.   D. 
Hoquiam — 

Lamb,  F.   H. 
McCleary — 

Macke,  J.  C. 

Seattte— 

Caeey,    G.   L. 
Corey,    C.   R. 
Galley,  W.   R. 
Magnusson,    C.    E. 
Miller,  A.   A. 
Peterson,   J.   C. 
Ralston,    O.    C. 
Rockwell,    R.    L. 


.  WASHINGTON— Continued 

Seattle — Continued 

Ross,   J.   D. 

Thomas,   B. 

Williams,    C.    E. 
Spokane — 

Armstrong,    L.    K. 

Keffer,    Frederick 

King,    Rowland 

Keeper,   L.   L. 

Levy,    G.    J. 
Tacoma — 

Dunlap,    T.   E. 

MacPherson,   A.    R. 

Porro,  T.   J. 

Zischkau,    O.   C. 

WEST  VIRGINIA 

Charleston — 

Pierce,   J.  B.,  Jr. 

Pitcher,   A.M. 
Clarksburg — 

Graves,    C.    M. 
Hartford— 

Strubing,    F.    W. 
Martin  sbu  rg — 

Kohlhausen,    B.   F. 
Morgantomi — 

Clark,   F.    E. 

Gregg.  J.  M.,  Jr. 

Hite,   B.   H. 
Warwood — 

Bumgardner,  J.  W. 

WISCONSIN 

Appleton — 

Phillips,    C.  A. 

Wagner,   H.  A. 
Eau  Claire — 

Thompson,   J.   G. 
Janesville — 

Stewart,   C.  O. 
Madison — 

Burgess,   C.   F. 

Fleckenstein,  C.  F. 

Helfrecht,    A.   J. 

Kahlenberg,   L. 

Kowalke,    O.   L. 

Meisekothen,   E.   E, 

Ruhoff,    O.   E. 

Schulte,   W.  B. 

Storey,  O.  W. 

Tan,   Bo   N. 

Watts,    O.   P. 
Milwaukee — 

Adams,   J.   L.,   Jr. 

Brown,   C.   G. 

Chadwick,   R.   A. 

Cochran,   T.    H. 

Evans,    C.    T. 

Kremers,  J.  G. 

Raeth,   F.   C. 

Wesle,    E.   H. 

Zimmermann,   J.   G. 
Racine — 

Evans,    D.    G. 

Waukesha,   A. 

l^^OMING 

Casper — 

McKim,   J.  W. 
Thennopolis — 

Freeman,    G.    N. 


DIRECTORY  OF  MEMBERS. 


85 


CANADA 


BRITISH    COI.UMBIA 
Anyox — 

Speig-ht,    H. 
Kimberly — 

Dahlgren,   C.   G. 
Nelson — 

Fowler,   S.   S. 
Trail — 

Beasley,   P.    E. 

Lee,    F.    E. 

Stimmel,    B.   A. 

Willis,    F.    S. 
Vancouver — 

Barwick,   W.    S. 

de  Glovellina,  E.   C. 

Mcintosh,    D. 

MANITOBA 
Winnipeg — 

Brown,   G.  J. 


NEW  BRINSWICK 

St.   John — 

A'aughan,   P.   P. 


NEWFOUNDLAND 

Grand  Falls- 
Judge,    T.    P. 
St.   John's — 

Hloiris,  J.    V'. 

NOVA   SCOTIA 
New  Glasgow — 

Cantley,   T. 
Chambers,  A.   R. 
North   Sydney — 

Young,    p.    H. 

ONTARIO 
Belleville — 

Bennie,   P.   McN. 
Dryden — 

Mathews,    P.    p. 
Goderich — 

Kelleher,   James 
Hamilton — 

Renton,  W.  L. 
Kakabeka  Falls — 

Farrow,   P.    R. 
Kingston — 

Cadenhead,   A.    P.    G. 
Goodwin,    L.    p. 
Loudon — 

Sturdevant,   E.    G. 
Merrickville — 

McMullen,    G.   P. 
Merritton — 

Hedalen,   John 
Niagara  Falls — 

Arison,   W.    H. 
Doyle,   H.   L. 
French,   E.    L. 
Gardner,  G.  N. 
Offerhans,  W.   R. 


ONTARIO— Continued 
Nickelton — 

Gillis,   J.   H. 
Ojibway — 

Baltzell,  W.   H. 
Orangeville — 

Deagle,    L.   M. 
Orillia — 

Lamble,   B.    C. 
Ottawa — 

Schjelderup.    G. 

Simpson,    Louis 
Renfrew — 

Cram,   W.    C,    Jr. 
Sandwich — 

Walker,    G.    H.    P. 
St.  Catharines — 

Sieger,    G.    N. 
Sudbury — 

Hoist,    G. 
Thorold — 

Schabacker,  H.   E. 
Toronto- 
Allan,    W.    G. 
Bain,   J.    W. 
Barrows,   W.    S. 
Benson,  G.  C. 
Brown,   N.  B. 
Burpee,   L. 
Burt-Gerrans,    J.   T. 
Chisholm,   T.   H. 
Clark,   F.   C. 
Gaby,   P.   A. 
Gifford.  W.  M. 
Guess,    G.   A. 
Hedstrom,    E.   S. 
Kendrick,  F    B. 
Lytle.    L.   B. 
MaeDousall.    A.    J. 
Miller,   W.    L. 
Moffat,    J.    W. 
Robertson.    F.   Tf.   S. 
Roumbanis,   D.    C. 
Shepherd,   P.    A. 
Wood,    E.    M. 
Welland— 

Young,   John 


QUEBEC 

Buckingli  am — 

Hambly,   P.    J. 
Deschenes — 

Strom,    Birger 

Torell.    T.   F. 
Waddell,    H.    R. 

Westby,   G.   C. 
Hull— 

Wilson,    J.    R. 
Joliette — 

Disario,   John 
Montreal — 

Crafts,    W.    X. 

Davidson,    T.    R. 

Eardley-Wilmot,    T. 

Falter,   P.   H. 

Gilman,   M.    C. 

Kaelin,    F.    T. 


86 


DIRECTORY  OF  MEMBERS. 


CANADA— Continued 
QUEBEC — Continued 
Montreal — Continued 

Lindstrom,    R.    L. 
Matheson,    H.    W. 
Morgan,  N.  L. 
Sissener,    John 
Stansfleld,   A. 


Wales,  J.  A. 
Woodyatt.  J.  B. 


Guantananio^ 

Simon.    E.    J. 


Coahiiila — 

Shaw,   S.   F. 
Hidalgo — 

Kuryla,   M.  H. 
Mexico  City — 

DeLandero,    C.    I 
Hinton,   G.   B. 
Rost.    H.   F. 
Santlllan.    R.    A. 


QUEBEC — Continued 
8ha\vinig;an   Falls — 

Acton,   E.  H. 
Crowther,   C.  W.  W. 
Kelly,   J.   J. 
Williams,   E.   R. 
Witherspoon,    R.   A. 


St.  Lambert — 

Platts,  J.   C. 


CUBA 


Havana 

De  Milan,   Alex 
Hill.    R.    H. 
Smith,   J.    M. 

HAWAII 

Hon«>lulu — 

Castle,    S.    N. 

MEXICO 

Monterrey — 

Berthler,   U.  H. 

Orizaba — 

Wllklns,    E.   M. 

Truinp — 

Stevens,   B. 

PANAMA 

(>atun — 

Grier  B.   R. 

PHILIPPINES 


BOLIVIA 

Oruro— 

Ferron,    R.   D. 

BRAZIL 

Rio   de  Janeiro — 

De  Medeiros,   T.  S 

Maya,   P.  de  C. 
S.   Piiiilo — 

Bowles,    R.   H. 

Bylngton,   A.  J. 

De  Souza,  E. 

Pompela,    Jonas 
Villa   Nova  de  Lima — 

Jones,   H. 

Wilder,    F.    L. 

CHILE 

Antofagasta — 

Rowe,   G.  M.  W. 
Ctauq  uieamata — 

Carlton,   A.   C. 
McClenahan.   J.   S. 


Herman,    H. 
Zamora,    M. 

PORTO  RICO 

Insenada — 

Boyd,   T.   D.,   Jr. 

SOUTH  AMERICA 


CHILE — Continued 
Iqiiique — 

Boesch,    .T.    E. 
Lipscomb,   G.   J. 
Santiago — 

Cardoen,    Remy 
Carr,   H.  D. 
Diaz-Ossa,   B. 
Hayward,    R.    F. 

PERU 

Arec]uipa — 

Rosenshine,    L.    J. 
Cerro  de  Pasco— 

Gahl,    Rudolf 
Oroya — 

Dalmelda,   J.    A. 
Mather,   T.   W. 

VEjrEZUBLA 

Caracus — 

Dalburg,    F.    A. 


DIRECTORY  OF  MEMBERS. 


87 


AUSTRALIA 


NEW  SOUTH    WAIVES 

Port   Kembla^ — 

"White,    E.    A. 

Sydney — 

Murphy,    R.    K. 
Nicholson,    J.    B. 

Wallaroo — 

Hancock,   H.    L>. 

Vet  holme — 

Du  Faur,  J.   B. 

NEW   ZEALAND 

Auckland — 

Crookes.    S.    T. 

QUEENSLAND 
Brisbane — 

Curtis,   H.   S. 
Henderson,   J.   B. 
Jackson,   A.    G. 
Just.  J.  S. 


Mt.   Morgan — 

Johns,    M.    J. 
Woodend  Ipswich — 

Lawrenson,   J.    S. 

TASMANIA 

Hobart — 

Butters,  J.   G. 

Queenstown — 

Stlcht,  R.   C. 

VICTORIA 

Melbourne — 

Brearley,  J.   H.  D. 
Chappell,   W.    C. 
Clements,  F.  W. 
Gepp,    H.W. 
Klug,    G.   C. 
Leggo,    A.   V. 
Wood,    B. 


ASIA 


CHINA 

Canton — 

Laird,    C.   N. 

Chonklns — 

Loh.   F.  C. 

Hankow — 

Wang,  C.  T. 
Hanyang — 

Woo,   Z.   T.    K. 
Hong  Kong — 

Lee,   L.   P. 
Wong,   K.   T. 

Lincbeng — 

Kwang,  K.  Y. 

Shanghai — 

Chow,  Jen 
Galther,   R.  H. 
Zen,  H.  C. 

Sinti  City- 
Leo,   S.    T. 

Szechuen — 

Chiang,   Y.   K. 

Tayeb — 

Wong,   W.   A. 

INDIA 

Bangalore — 

Srinivaaayengar,    V.   K. 

Bombay — 

Maneckjl,   J.   B. 
Vakil,  K.   H. 

Calcutta — 

Eldredge,    M. 

Madras — 

Green,   L.  B. 

JAPAN 

Akita — 

Ikeda,    K. 
Satoh,   H. 

Chickuzen — 

Yasukawa,    D. 

Ebtmeken — 

Yabe,  C. 


JAPAN — Continued 

Fukuoka — 

Araki,    A. 
Higashi,    S. 
Kaneko,    K. 
Tatsuml,  E. 

Fukushimaken — 

Kitsunezakl,    I. 
Nakashima,   Shigemaro 

Funatsu  Hida — 

Sato   Hisao 

Fushimi — 

Tonamy,  C.   H. 

Gifuken — 

Kumamt,  A. 

Heyogoken — 

Abe,   Asaka 

Hyogo-ken — 

Murahashi,    S. 

Ishikawaken — 

Iwai,    Kyosuke 

Komatsu — 

Taklkawa,   Y. 
Yano,    M. 

Kawasaki — 

Matsushita,   N. 
Shinjo,    Y. 

Kobe— 

Isobe,  F. 

Tachlhara,  Jin 

Tada,   S. 
Kogoshtma — 

Maruyama,   J. 
Kumamoto— 

Taniguchi,    K. 

Kyoto — 

Nakasawa,  Yoshlo 
Namba,  M. 
Nislilkawa,  Kikei 
Takenouchl,   L 
Yoshikawa,   K, 

Nagasaki — 

Nakamura,   M. 


88 


DIRECTORY  OF   MEMBERS. 


JAPAN — Continued 
Nogano — 

Takahashi,    Taketare 
Nagoya — 

Mine,    S. 
>"ikko— 

Kaku,  Juroku 
Osaka — 

Arakawa.    E. 

Asano,    K. 

Itoh,   Ichiro 

Kawakita,    Y. 

Kimura,    Z. 

Kobayashl,   W. 

Nakas,  K. 

Takakuwa,  K. 

Tsujimoto,    K. 

Yamamoto,   I. 

Yunoki,   S. 
Sendai — 

Fuseya,   G. 
Taiwan — 

Jinguji,    G. 
Tokyo — 

Fumoto,  S. 

Gotoh,    Issaku 

Horibe,  Y. 

Igarashi,   T. 


BELGIAN   CONGO 
Elisabethville — 

Cousin,    J. 
Katanga — 

Haas,    S.    W. 
Broken  Hill — 

Harris,   W.    E. 


BELGIUM 

Antwerp — 

Deakln,   Gerald 
Brussels — 

Cite,  C.  C. 

Solvay,  A. 
Couillet— 

Hutin,    E. 
Jemeppe — 

Q'ueneau,   A.  L.  J. 
Mods — 

Henault,    O-Dony. 
Neerpelt — 

Raeder,   Bjorn 


Abo— 


Paris- 


FINLAND 

Arainoff,   G. 

FRANCE 

Altmayer,   M.   E. 
Caudrelier,  E. 
Champin,   A.    P. 
deGeofroy,   A. 
DeSallier,    Rene 
Gall,   H. 

Halter,    Georges 
Hansson,  A.   S. 
Keller,  C.  A. 
Marie,   C. 


ASIA — Continued 

JAPAN— Continued 
Tokyo— Continued 

Incuye,    T. 
Ishikawa,   Ichiro 
Ito,   Ichiro 
Kai,  Hideo 
Kameyania,    Naoto 
Kato,   Y. 
Katsura,    B. 
Kawamura,  T. 
Kishi,   K. 
Kitawaki,    I. 
Kurahashi,    T. 
Nakahara,    S. 
Nishida,   Hirotaro 
Nishioka,     S. 
Nohara,   T 
Ohashi,   F. 
Oshima,    Y. 
Shlgematsu,   Y. 
Tabata,    K. 
Tanaka,  J. 
Watanabe,   H. 
Yamaguchi,    K. 
Yamasaki,   J. 

Wakayania-ken — 

Tada.   Y. 

Yokohama — 

Tada,   K. 

AFRICA 

CAPE  COLONY 

Somerset,   West — 

Quinan,   K.  B. 

Johannesburg — 

Price,    B. 
Schwartz.    Hyam 

EUROPE 

FRANCE — Continued 
Paris — Continued 

Ostheimer,  J.  W. 
Roberts,    W.    S. 
Seine-et-Oise — 

Humbert,   E.   P. 


GREAT  BRITAIN 

Birmingham — 

Threlfall,    R. 
Bristol^ 

Brander,    J. 
Burton-on- Trent — 

Winkley,   S.  F. 
Codsall— 

Castle,   G.  C. 
Dologarrog  (Wales)  — 

Paton,   G.   K. 
Glasgow    (Scotland)  — 

Lackie,    W.   W. 

Scott-Maxwell,  J.    M. 
Hatch  End — 

Jacob,    Arthur 
Irviue    (Scotland)  — 

Walker,   J.   W. 
Leeds^ 

Salter,   Chas. 
Lincoln — 

Freeston,   T.  A. 


DIRECTORY  OF   MEMBERS. 


89 


GREAT  BRITAIN— Continued 

Liverpool — 

Smith,    A.   T. 

London — 

Ashcroft,    E.    A. 
Berk,   P.   F. 
Brown,    P.    Hunter 
Carnegie,    E. 
Chalas,   A. 
Frink,   R.   L. 
Goldstein.    P. 
Lewis,    G.    P. 
Lloyd,    G.   C. 
MacKness,   C.    F. 
Marshall,   A.   L. 
Merz,    C.    H. 
Rondelll,    T. 
Sprague,    E.    C. 
Shields,    John 
Smith,    R.   T. 
Walters,   George 
Newcastle-on-Tyne — 
Rollin,    Hugh 

Norton-on-Tees — 

Johnson,    A. 

Sheffield— 

Cutts,   V.    O. 
Etchells,    H.   E. 
Fawcett,   P. 

St.  Helens — 

Harrison,    A. 

Sunbury-on-Thames — 

Cowper-Cnles,    S. 

Tunbridge  AVells — 

Colquhoun,   James 

Walthamstow — 

Wilder,    F.    L. 

Widnei- — 

Pritchard,   D.   A. 

Yiewsley — 

Buckle,   H.   L. 

ITALY 

Abruzzo — 

Levi-Bianchini,  L. 

Genoa — 

Eknes,    L. 
Milan — 

Cambi,    L. 
Merizzi,    G. 
Paravicini,   R. 
Rossi,    C. 

Toniolo,   Carlo 

Rome — 

Catani,   Remo 
Chiaraviglio,    D. 

Touno — 

Glolitti,   F. 

Trentino — 

Wright,  C.   A. 
Turin — 

Gardiol,    A.   D. 

NETHERLANDS 

Amsterdam — 

Aten,   A.   H.  W. 

Delft— 

Reinders,    Wm. 


EUROPE— Continaed 

NETHERLANDS — Continued 
The  Hague — 


Doyer,    H. 

NORWAY 

Bergen — 

Roll-Hansen,    C. 
Turner,   M.   R. 
Tysland,    Geo. 

Borgestad — 

Knudsen,    Rolf 

Christiania — 

Baararnd,    K. 
Berg- Hansen,    B. 
Bjornson.    E. 
Brodal,    P. 
Collett,  E. 
Collett,   Ove 
Dedichen,    Herman 
Farup,   P. 

Goldschmidt,   Heinrich 
Hiorth,  A. 
Hiorth,   F.   V.   L. 
Homan.   C.   H. 
Johansen,   G.  H. 
Krog,    K.    M. 
Lenschow,   H.   H. 
Ogle,    H.   L. 
Olsen,   T.    S. 
Raeder,    B. 
Rafu,   Wm. 
Saeter,    H.   B. 
Sem,    Mathias 
Somdal,   J.  A. 
Stephanus,    A.   D. 
Tharaldsen,    Filip 
Thorne,   C.   A. 
Von   Krogh,   Johan 

Christiansand — 

Frisak,   Arvid 
Gronningsater,   A. 
Hole,    Ivan 
Westly,  J. 
Drammen — 

Sturbelle,    L.    C. 

Fredrilisstad — 

Moltkehansen,    I.   J. 
Washburn,   W.   F. 

Hoyanger — 

Murer.    Johan 

Nalikerud — 

Loken,    R. 

Odda — 

Andersen,   Jorgen 
Giersten,    S. 
Gjerding,   E. 
Johnson,   E.    B. 

Porsgrund — 

Kaufmann,  E. 

Rjukan — 

Bonnevie,  H. 
Nilssen,   Bjarne 

Kyfylke — 

Horn,    H.    T. 

Sneath,   W.    H. 
Stavanger — 

Edgeberg,    B. 
Trondh.jem — 

Pedersen,   H.   C. 

Simonsen,   I.    B. 


90 


DIRECTORY  OF   MEMBERS. 
EUROPE— Continaed 


SPAIN 

Barcelona — 

Billings,    A.  W.   K. 
Granell,   J.  B. 
Lana,    C. 

Beinoga — 

Lehmskuhl,    C.    U. 
Reus — 

Miro,    A.    R. 
Tarrasa — 

Balta  de  CPla,   Jose 


SWEDEN 

Djursholm— 

Berglund.   E.    S. 

Falun — 

Svensson.    C. 
Gull  spang — 

HedJund,    M. 

Hagge — 

Yngstrom,   L.. 
Orebro — 

Broms,    H. 
Sudertelje — 

Tesch,    H.   G.    A. 
Stockholm — 

Carlson,    Birger 

Demmler,    A.    W. 

Gronwall,    A. 

Harden,  J. 

Kring.   Oskar 

Leffler,   J.    A. 

Lllja.   S.   G. 


SWEDEN — Cont  inned 
Stockholm — Continued 

Lindberg,    S.   C. 

Martin,    Herbert 

Olsson,    H. 

Palen,   A.   G.   P. 

Palmaer,    K.   W. 

Wahlberg,   A.   F. 
Stocksond — 

Liljenroth,   F.   G. 
Stromstad — 

Halldin,    C.    H. 
TroUhattan — 

Andersen,    F. 

Forssell.   .1. 
Uddeholm — 

Herlenius,  A. 

Vesteras — 

Edstroni,   J.    S. 
Westervik — 

TiUberg.    E.    W. 

SWITZERLAND 

Basel — 

Engi,    Gadient 

Fiehter-Eernoulli,    F. 
Genera — 

Guye,   P.   A. 

Lacroix,    H. 
Turgi — 

J^andolt,   H. 
Zurich — 

Wundeily,    C. 


A  paper  presented  at  the  Thirty-eighth 
General  Meeting  of  the  American  Elec- 
trochemical Society,  in  Cleveland,  October 
1,  1920,  President  Landis  in  the  Chair. 


FARADAY'S  LAW  AT  THE  CATHODE.' 

By  J.  W.   RiCHARDS.2 

Careful  consideration  of  the  phenomena  of  electrolysis,  par- 
ticularly much  experimental  study  of  the  relation  of  the  anion 
and  cation  to  the  current  passing,  has  raised  in  my  mind  the  doubt 
as  to  whether  the  cation  can  be  said  to  be  directly  amenable  to 
Faraday's  law.     In  other  words,  to  put  the  question  bluntly :     Is 
the  amount  of  cation  liberated  directly  dependent  upon  a  pro- 
portional amount  of  current  passing,  or  is  it  secondarily  or  in- 
directly dependent  thereon,  being  simply  that  amount  of  the  cation 
which  is  chemically  combined  in  the  electrolyte  with  the  amount 
of  anion  being  liberated?     In  ordinary  chemistry,  in  discussing 
various  compounds  of  a  metal  with  different  quantities  of  an  acid 
element,  such  as  oxygen,  chlorine,  etc.,  we  take  it  for  granted 
that  the  acid  element  has  constant  valence  while  the  valence  of 
the  metal  varies  in  its  different  compounds.    This  is  perhaps  not 
a  mere  assumption,  but  is  forced  upon  the  theoretical  chemist  by 
many  considerations,  so  many  that  it  is  at  the  present  time  taken 
for  granted,  as  a  matter  of  fact.    This  would  point  to  the  invaria- 
bility of  the  valence  of  the  anodic  element  and  therefore  of  a 
constant  relation  between  its  quantity  and  the  electric  charge  it 
carries ;  on  the  other  hand,  it  would  postulate  a  varying  valence 
of  the  cathode  element,  that  is  to  say  a  varying  or  indirect  rela- 
tion between  the  quantity  of  that  element  and  the  cathodic  electric 
charge. 

Whatever  the  real  chemical  reasons  are,  it  is  a  matter  of  fact 
that  the  chemist  speaks  of  stannous  and  stannic  salts,  mercurous 
and  mercuric  salts,  cuprous  and  cupric  salts,  etc.,  etc.,  in  all  of 
which  the  invariability  of  the  valence  of  the  acid  constituent  is 
assumed  and  the  variability  of  the  valence  of  the  basic  element 

'  Manuscript  received  August  9,  1920. 
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postulated.  In  electrolysis,  the  conventional  direction  of  the  cur- 
rent is  from  the  anode  to  the  cathode,  but  modern  views  incline 
to  assuming  the  real  direction  of  the  current  to  be  the  opposite 
of  this,  viz.,  that  streams  of  so-called  negative  electrons  pass 
from  the  cathode  to  the  anode.  The  existence  of  positive  elec- 
trons, travelling  in  the  opposite  direction,  is  not  established,  and 
the  tendency  is  to  substitute  for  this  conception  the  idea  of  a 
deficit  of  negative  electrons,  and  thus  complete  a  unitary  theory 
of  the  electric  current. 

Since  the  acid  element  of  a  compound  being  electrolyzed  is  lib- 
erated at  the  anode,  we  can  at  once  assume  a  direct  relation  be- 
tween the  amount  of  acid  element  set  free  and  the  quantity  of 
negative  electrons  traveling  towards  the  anode,  in  other  words, 
that  96,500  coulombs,  or  one  Faraday,  accompanies  one  valence 
weight  of  acid  element  set  free  at  the  anode,  or  corresponds  to 
one  valence  of  chemical  work  done. 

At  the  cathode,  the  amount  of  cathode  element  set  free  while 
one  Faraday  of  electricity  passes  is  a  variable,  according  to  the 
assumed  variable  valence  of  the  cathodic  element.  It  may  be 
one  Faraday  is  equivalent  to  a  half,  a  third  or  a  fourth  of  an 
atom  weight,  corresponding  to  the  (assumed)  chemical  valency 
of  the  cathodic  element. 

It  stands  therefore,  as  a  matter  of  fact,  and  not  at  all  a  question 
of  theory,  that  the  relation  between  the  current  passing  and  the 
quantity  of  chemical  element  liberated  at  the  anode  is  invariable 
and  direct,  while  the  relation  between  the  electric  current  passing 
and  the  amount  of  cathodic  element  concerned  is  a  variable,  and 
therefore  probably  indirect. 

The  thesis  which  the  writer  wishes  to  bring  forward  for  dis- 
cussion is  therefore  the  following: 

Since  the  direct  invariable  relation  between  electrical  current 
and  chemical  quantity  subsists  only  at  the  anode,  and  the  present 
theory  of  electric  current  postulates  current  passing,  as  negative 
electrons,  only  towards  the  anode,  is  it  not  logical  and  reasonable 
to  assume  that  the  direct  relation  between  electrical  current  and 
chemical  quantity  is  true  only  at  the  anode? 

On  the  other  hand,  the  relation  at  the  cathode  being  variable, 
and  therefore  probably  indirect,  is  it  not  logical  and  reasonable 
to  assume  that  this  relation  is  not  electrochemical  but  is  more 
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properly  designated  as  chemical  only ;  that  is,  it  is  governed  by 
the  chemical  relation  between  the  quantity  of  anodic  element  set 
free  at  the  anode  and  the  cathodic  element.  In  other  words,  when 
the  electric  current  sets  free  electrochemically  at  the  anode  a 
given  amount  of  the  anodic  element  or  constituent  of  the  com- 
pound, an  amount  directly  determined  by  the  electrochemical 
relations  and  Faraday's  law,  there  is  set  free  at  the  cathode  that 
amount  of  the  cathodic  constituent  which  was  chemically  com- 
bined with  the  amount  of  anodic  constituent  liberated.  This  rela- 
tion is  chemical,  and  determined  by  the  chemical  equivalents  of 
the  substances  in  question,  and  subject  to  the  variable  valence  of 
the  cathodic  element  just  as  in  any  simple  chemical  decomposition. 
If  the  above  reasoning  is  valid  and  logical,  it  would  follow  that 
Faraday's  law  will  apply  fundamentally  only  to  the  anodic  con- 
stituent, which  is  directly  related  to  the  quantity  of  negative  elec- 
trons traveling  to  the  anode  ;  it  would  correspondingly  follow  that 
Faraday's  law  does  not  directly  apply  to  cathodic  constituents,  but 
only  indirectly  through  the  chemical  relation  that  the  quantity  of 
cathodic  element  liberated  is  simply  that  which  was  chemically 
combined  with  the  quantity  of  anodic  constituent  liberated,  and 
is  only  thus  indirectly  related  to  the  quantity  of  electric  current 
passing. 

Metallurgical  Laboratory, 

Lehigh  University. 

August  7,  1920.' 


DISCUSSION. 


Cakl  Hering^  :  The  same  point  that  Professor  Richards  has 
raised  has  come  up  before,  and  I  myself  have  called  attention  to 
the  fact  that  Faraday's  Law  was  stated  incorrectly  in  most  books. 
In  some  cases  it  does  not  work  out  right,  but  if  you  change  the 
word   "valence"  in  Faraday's  Law  to   "change  of  valence,"  it 

'  Consulting   Electrical    Engineer,    Philadelphia.    Pa. 


94  DISCUSSION. 

covers  every  case  and  then  it  applies  to  the  cathode  as  well  as 
to  the  anode. 

A  Member:     Will  you  please  state  Faraday's  law? 

Cari,  Hering:  I  would  not  venture  to  give  an  off-hand  defi- 
nition of  it  now,  but  the  words  "change  of  valence"  are  not 
generally  stated  in  Faraday's  Law  in  the  books ;  if  you  make 
this  change  in  the  law  it  will  apply  to  all  cases,  including  those 
in  which  you  do  get  twice  as  much  copper  per  ampere-hour  with 
one  solution  as  with  another. 

W,  S.  Landis^  :  I  think  a  paper  of  this  kind  presents  a 
rather  interesting  matter  of  policy  to  this  Society.  I  know  I 
have  looked  up  Faraday's  Law  many  a  time,  and  it  depends  on 
the  book  you  read  as  to  what  Faraday's  Law  is,  or  rather  the 
way  it  is  stated.  It  seems  to  me  that  it  would  be  well  to  precede 
this  paper  with  an  exact  statement  of  Faraday's  Law,  so  we 
younger  men  would  have  something  to  tie  to.  I  can  take  half-a- 
dozen  books  of  physics  and  chemistry,  and  every  one  has  a  dif- 
ferent statement  of  Faraday's  Law,  probably  intended  to  mean 
the  same  thing,  but  they  are  not  in  the  same  language. 

Carl  Hering:     I  suggest  that  Professor  Richards  add  this. 

J.  W.  Richards:  I  would  state  the  law  under  discussion  as 
follows :  The  electrochemical  actions  produced  at  the  electrodes 
by  given  currents  are  proportional  to  the  chemical  equivalent 
weights  of  the  bodies  affected  by  the  current. 

C.  P.  MadsEn^  :  I  would  like  to  ask  the  author  if  he  knows 
of  any  specific  instance  where  it  would  make  any  difference  in 
practical  results  over  those  obtained  by  Faraday's  Law? 

J.  W.  Richards  :  I  do  not  know  of  any  case  where  it  would 
make  any  actual  difference  in  the  experimental  facts.  The  only 
difference  is  in  our  conception  of  what  is  happening.  It  seems 
to  me  there  is  a  difference  in  our  mental  attitude  as  to  whether 
or  not  we  consider  that  the  electric  current,  according  to  the 
old  view,  is  passing  in  two  directions,  that  is,  liberates  at  the 
anode  certain  amounts  of  anion  in  proportion  to  the  current 
passing,  and  at  the  cathode,  certain  amounts  of  cation  in  propor- 
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tion  to  the  current  passing,  both  having  a  direct  relation  to 
the  amount  of  current  passing;  that  is  one  conception.  The 
other  is  that  the  relation  between  the  chemical  action  and  the 
electricity  passing  is  direct  only  for  the  anion,  and  that  the 
amount  of  cation  liberated  is  not  controlled  directly  by  the 
amount  of  electricity  passing,  but  is  simply  that  amount  of  cation 
which  was  combined  with  the  anion  which  was  liberated.  It  is 
simply  a  difference  in  point  of  view ;  there  is  no  difference  in 
the  experimental  facts,  but  it  is  a  question  which  way  you  are 
going  to  look  at  it.  I  think  that  Dr.  Hering's  statement  is  the 
best  foundation  to  stand  on ;  that  is,  putting  it  in  modern  lan- 
guage, that  the  passage  of  96,494  coulombs  makes  a  change  of 
valence  of  one  in  a  gram  equivalent  of  material  affected.  That 
will  apply  at  both  anode  and  cathode,  and  perhaps  give  some 
answer  to  the  question  raised  here. 

Cari,  Hering:  May  I  add  that  this  way  of  interpreting  it 
sometimes  involves  negative  and  zero  valences,  which  some  chem- 
ists do  not  like. 

J.  W.  Richards:  In  which  I,  speaking  as  a  chemist,  thor- 
oughly agree  with  Dr.  Hering's  point  of  view. 

Wm.  BIvUM^:  Just  one  point  Dr.  Richards  mentioned  might 
be  misleading ;  I  do  not  think  he  intended  it  that  way.  He  spoke 
of  only  the  cations  as  having  variable  valence.  Of  course  we 
must  recognize  that  the  elements  in  the  anions  may  undergo 
a  change  of  valence,  i.  e.,  we  can  have  changes  of  valence  occur- 
ring both  at  anode  and  cathode.  At  the  anode,  however,  this 
does  not  occur  without  changing  the  composition  of  the  ion. 

J.  W.  Richards:  Do  you  know  of  any  case  where  an  anion 
has  a  variable  valence  in  combinations?  I  assume,  of  course,  that 
when  liberated,  as  free  element,  its  valence  is  zero. 

Wm.  Blum  :  No,  and  one  reason  is  that  we  define  the  valence 
of  the  elements  in  terms  of  the  anions,  on  the  assumption  that 
the  valences  of  the  anions  remain  constant. 

J.  W.  Richards  :  Exactly,  and  it  is  a  curious  fact  that  the 
chemists  have  virtually  made  that  tacit  assumption  without 
questioning  it. 

*  Chemist,  Bureau  of  Standards,  Washington,  D.  C. 
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A  NEW  FORM  OF  STANDARD  CELL.^ 

By  C.   J.  Rodman-  and  Thos.    Spooner.^ 

Abstract. 

[A  new  portable  standard  cell  which  is  a  satisfactory  laboratory 
standard  has  been  developed.  It  is  a  cadmium  cell  with  the  usual 
ingredients  but  having  a  container  of  hard  glass  with  tungsten 
leads.  Instead  of  the  common  H-type  a  compact  concentric 
arrangement  has  been  devised  possessing  a  number  of  advan- 
tages. This  cell  is  made  either  saturated  or  unsaturated,  and 
other  combinations  besides  the  standard  cadmium  formula  may 
be  used  in  the  present  cell  blank  if  desired.  Methods  of  purifying 
the  chemicals  and  filling  the  cell  are  dsecribed.] 


INTRODUCTION, 


A  dependable,  compact,  portable  standard  cell  has  been  greatly 
desired  and  it  was  with  the  idea  of  improving  these  factors  that 
the  development  of  a  new  form  was  undertaken.    Much  has  been 
written  on  the  subject  of  standard  cells,  and  undoubtedly  the  best 
combination  for  great  stability  is  the  cadmium  cell.     The  chemi- 
cals, Hg  I  HgoS04  I  CdS04  (saturated)    |   Cd  amalgam,  w^hich 
enter  into  its  composition  may  be  easily  prepared  in  a  pure  state, 
if  proper  precautions  are  adopted.  Accordingly  the  cadmium  type 
only  has  been  seriously  considered. 

In  order  to  increase  the  dependability,  new  materials  for  the 
container  and  leads  have  been  tried  and  adopted.     In  order  to 
increase  the  compactness,  the  old  H-type  of  cell  has  been  aban- 
doned and  a  concentric  type  having  a  diameter  of  about   1  in. 
(2.54  cm.)    and  a  height  of  about  3.5  in.    (8.9  cm.)   has  been 
developed. 

^  Manuscript    received    July    28,    1920. 
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DEVELOPMENT  OF  CELL. 

New  Materials.  The  high  percentage  of  failures  of  cells  of 
soda  glass  with  platinum  leads,  of  the  H-type,  led  us  to  believe 
that  this  condition  could  be  altered  by  selecting  another  combina- 
tion of  metal  and  glass.  Soda  glass  has  a  coefficient  of  expansion 
of  8.33  X  10"^,  and  platinum  8.99  x  lO"*'  at  room  temperatures, 
so  that  even  well  annealed  seals  often  cause  leaks  or  cracks  in 
the  glass.  Other  factors,  as  mechanical  strength  and  chemical 
stability  of  soft  glass,  failure  of  seals  due  to  zinc  amalgam  of  the 
Clark  cell  causing  the  platinum  contact  wires  to  crack  the  glass, 
etc.,  may  be  cited  as  reasons  why  other  combinations  have  been 
tried.  It  is  obvious  that  as  leading-in  wires  only  metals  can  be 
used  which  will  be  inert  to  any  constituent  that  the  finished  cell 
contains. 

The  latest  design  consists  of  a  hard  silica  glass  container  which 
has  a  coefficient  of  expansion  of  3.50  x  lO"*^,  and  tungsten  leads 
of  3.60  X  10"^.  In  selecting  a  stable  hard  glass  for  this  purpose 
we  have  chosen  a  high  silica  pyrex.  Such  glass  has  been  found 
to  be  highly  insoluble  toward  the  slightly  acidic  properties  such 
as  we  encountered  in  standard  cell  conditions.  In  studying  the 
osmotic  electric  E.  M.  F.,  Carmen  and  Fritts  found  pyrex  to  be 
very  superior  to  Jena  glass  for  similar  purposes.  As  shown  in 
their  summary,  pyrex  proved  to  be  approximately  three  times 
as  insoluble  as  Jena  glass.  Such  compositions  as  sulphur,  rosin, 
sealing  wax,  etc.,  make  quite  an  appreciable  difference  in  cell  con- 
struction. Some  of  the  latter  ingredients  have  been  used  in  cer- 
tain makes  of  standard  cells  for  plugs  and  seals  and  have  shown 
no  drastic  ill  effects,  but  where  the  best  equilibria  are  desired  it 
is  advisable  not  to  use  them. 

In  order  to  make  a  good  tungsten-glass  seal  it  is  necessary  to 
thoroughly  clean  the  metal  beforehand.  Boric  acid  is  used  for 
this  purpose.  A  thin  coat  of  BgOg  is  allowed  to  remain  upon  the 
wire  after  the  fluxing  action  has  taken  place.  It  is  necessary  to 
heat  the  tungsten  to  a  cherry  red  during  the  sealing-in  of  the  wire. 
Most  of  the  thin  coat  of  B2O3  is  taken  up  into  the  glass.  Should 
any  be  left  free,  upon  the  wire,  it  should  be  completely  washed 
off  with  water  when  the  cell  is  cleaned.  B2O3,  as  well  as  other 
acid  oxides  occurring  in  the  glass,  when  taken  up  by  the  cadmium 
sulphate  solution  have  a  tendency  to  depress  the  E.  M.  F.  of  the 


A   NEW   FORM   OF  STANDARD  CELL.  99 

cell,  whereas  other  oxides  in  the  solid  solution  of  the  glass  such 
as  PbO,  ZnO,  NagO,  K^O,  etc.,  when  dissolved  in  the  solution 
increase  the  E.  M.  F.  Alumina  and  silica  as  such  have  no  notice- 
able effect  upon  the  cell  equilibria.  However,  with  the  glass  used 
no  appreciable  effect  was  observed  due  to  the  interaction  of  the 
glass  with  the  cell  ingredients. 

It  is  interesting  to  note  that  the  cell  contents  penetrate  the  high 
lead  and  basic  oxide  glasses  to  an  appreciable  depth  depending 
upon  the  time  of  standing  of  the  cell.  By  emptying  the  cell  and 
heating  the  blank  to  the  temperature  of  the  softening  point  of  the 
glass  and  cooling,  a  definite  crazing  eft'ect  may  be  observed,  that 
penetrates  uniformly  to  a  depth  of  a  few  tenths  of  a  millimeter. 
Similar  phenomena  are  produced  by  acid  treatment  and  heating 
of  certain  glasses. 

The  cells  made  of  hard  glass  with  tungsten  seals  are  very  strong 
and  durable.  No  failure  of  the  many  cells  made  thus  far  can  be 
attributed  to  the  hard  glass-tungsten  junction,  whereas  many  of 
the  soft  glass  cells  with  platinum  leads  have  proven  mechanically 
weak,  have  crazed  or  cracked.  A  few  of  the  H-type  cells  were 
constructed  of  702-P  glass  with  tungsten  leads.  When  they  were 
carefully  filled  and  kept  in  an  upright  position  such  early  forms 
made  very  good  laboratory  standards. 

Neiv  Forms. 

For  constant  laboratory  use  stable  portable  cells  are  needed. 
The  first  attempt  to  produce  such  a  cell  resulted  in  the  modifi- 
cation of  the  H-type.  The  lower  limbs  were  somewhat  enlarged 
spherically,  being  about  1.5  cm.  in  diameter  and  restricted  to  a 
tubular  opening  about  0.5  cm.  for  the  remaining  part  of  the  legs. 
The  cross-arm  was  enlarged  at  the  center  to  about  2  cm.  in  diam- 
eter and  tapered  to  0.5  cm.  where  it  joined  the  legs.  At  the  joints 
small  circular  porous  porcelain  diaphragms  of  the  Hulett  voltam- 
eter type  were  sealed  in  and  separated  the  cell  into  three  com- 
partments. The  lower  sphere  of  one  limb  was  filled  half  full  of 
mercury,  upon  which  was  packed  mercurous  sulphate  paste.  The 
mercuroiis  sulphate-mercury  contact  surface  was  at  the  widest 
place  in  the  sphere.  The  paste  filled  the  leg  to  0.5  cm.  in  depth. 
Above  the  spherical  portion  small  clear  crystals  of  CdS04.8/3H20 
filled  the  remaining  portion  of  the  compartment,  thus  holding  the 
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leg  constituents  in  place  no  matter  in  which  position  the  cell  was 
orientated.  The  amalgam  of  the  other  leg,  being  frozen,  easily 
holds  itself  in  position  at  room  temperatures.  Saturated  cadmium 
sulphate  solution  completely  filled  the  central  chamber  and  the 
intervening  space  between  the  crystals  of  both  limbs.  A  satis- 
factory cell  was  thus  made,  but  its  construction  was  somewhat 
difficult  due  to  the  sealing-in  of  the  diaphragms.  This  form  was 
later  abandoned  in  favor  of  the  concentric  type. 


.Fe./t 


Cork 


fungsTen 


a.rc^     &./a.^S 


/^e/t 


Tnsu/af/oo 


In  Fig.  1  a  diagram  of  the  concentric  type  of  standard  cell  is 
shown  drawn  to  scale.  The  outside  dimensions  of  the  cell  blank 
are  2.5  cm.  diameter  x  10.0  cm.  high.  The  outer  compartment 
is  tubular  in  form  with  closed  bottom,  and  is  slightly  indented 
near  the  lower  end  so  that  the  timgsten  leading-out  wires  can 
be  bent  sharply  at  right  angles  just  outside  the  glass  wall,  thus 
leaviner  a   form  which  is  flush  with  the  diameter  of  the  outer 
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coinpartment.  A  glass  tube  1.6  cm.  outside  diameter  is  sealed 
concentrically  with  the  outside  glass  tube  and  forms  the  cathode 
leg  of  the  cell.  In  addition  to  being  sealed  at  the  upper  con- 
stricted portion  of  the  central  tube,  which  is  about  6  cm.  from  the 
bottom  of  the  cell,  it  is  sealed  at  a  point  near  the  bottom  and  fur- 
nishes contact  with  the  outer  glass  tube  so  that  a  tungsten  lead 
can  be  made  to  connect  the  inner  portion  of  the  cathode  without 
being  electrically  connected  with  the  anode  chamber.  Just  below 
the  upper  seal  and  about  5  cm.  from  the  bottom  of  the  cathode, 
a  hole  about  1  cm.  in  diameter  serves  to  connect  the  anode  cham- 
ber, which  can  be  filled  from  that  point.  The  cathode  tube  ex- 
tends several  centimeters  beyond  the  upper  joint  so  that  after  the 
cell  is  filled  it  can  be  conveniently  drawn  out  and  sealed  ofif. 
Tungsten  wire  No.  24  being  very  stiff  and  difficult  to  bend  when 
cold  without  breaking,  led  to  the  construction  of  a  lead  which 
fulfills  the  purpose  very  well. 

Just  outside  the  tungsten  leading-in  wire,  a  copper  wire  was 
brazed  to  the  tungsten  which  served  the  purpose,  provided  the 
copper  wire  was  not  twisted  or  jerked.  However,  in  cells  which 
are  being  used  in  the  laboratory,  in  which  the  seals  are  not  rigidly 
protected,  the  copper  wire  in  this  case  had  a  tendency  to  break 
off  near  the  weak  bronze  joint.  ]\loreover,  great  care  had  to  be 
taken  not  to  heat  the  copper  too  hot  while  brazing  because  of  the 
high  CuoO  formation  within  the  wire  causing  high  resistance  and 
subsequent  breaks.  To  remedy  this  difficulty  a  tungsten-monel- 
copper  joint  was  made  by  electro-spot  welding.  Such  a  combi- 
nation holds  very  tenaciously  and  if  the  copper  wire  is  redoubled 
back  a  short  distance  on  the  tungsten  and  wound  about  the  joint 
a  very  flexible  lead  is  made.  The  difference  in  temperature  be- 
tween the  leads  on  either  side  of  the  cell  is  very  small.  The  cor- 
rection for  the  thermal  E.  M.  F.  is  less  than  2.5  x  10~'  volts  per 
degree.  The  contact  E.  M.  F.  in  the  leads  is  obviously  balanced 
one  against  the  other  as  the  finishing  lead  consists  of  copper  wire. 
The  cells  are  mounted  in  a  bakelite-micarta  case  fitted  with  suit- 
able binding  posts.  The  top,  bottom  and  sides  of  the  cell  proper 
are  protected  from  breakage  by  felt  pads  which  will  absorb  any 
but  very  severe  shocks  to  which  the  cell  might  be  subjected.  Al- 
though the  diameter  of  the  cell  base  is  only  about  2  inches  (5  cm. ) 
the  cell  is  very  stable,  since  the  center  of  gravity  is  low  due  to 
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the  mercury  near  the  bottom.  Figs.  2  and  3  show  by  comparison 
the  composition  of  the  new  form  of  cell.  Due  to  the  low  thermal 
conductivity  of  the  walls  of  the  container  and  the  high  thermal 
conductivity  and  intimate  contact  of  the  two  legs  of  the  cell 
proper,  external  changes  of  temperature  should  have  a  small 
effect  on  the  E.  M.  F.  of  the  unsaturated  cell. 


Fig.  2. 


PURIFICATION  OF  THE  CELL  INGREDIENTS. 

Chemically  pure  mercury  obtained  on  the  market  usually  con- 
tains many  metals  and  must  be  specially  purified  before  using  it 
in  standard  cells.  Many  methods  have  been  devised  from  time  to 
time  for  this  purpose,  yet  few  are  comparatively  rapid  while 
thorough  in  purification.  The  following  method  has  been  used 
with  success  in  producing  pure  mercury  from  the  technical  supply 
and  even  from  waste  amalgam  caught  in  the  trap  of  a  sink. 

Fig.  4  shows  diagrammatically  the  scheme  used  in  purification. 
From  2  to  8  kilograms  of  impure  mercury  are  introduced  into 
the  large  container  V.  Upon  rapid  stirring,  about  1500  R.  P.  M., 
the  mercury  is  drawn  up  through  the  tube  at  the  bottom  of  the 
stirrer  A  and  thrown  out  through  the  arms,  thus  breaking  the 
mercury  into  a  great  number  of  fine  globules.  At  a  speed  of 
^500  R.  P.  M.,  the  globules  of  mercury  are  piled  up  from  one 
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to  2  cm.  in  depth  above  the  mercury  proper.  A  great  deal  of 
surface  is  thus  exposed  to  the  action  of  dilute  nitric  acid  (3  per- 
cent), which  filled  the  vessel  V  above  the  opening  to  the  cell  E. 
The  small  auxihary  cell,  which  is  about  1.5  cm.  in  diameter,  con- 
tains a  platinum  electrode  3x6  cm.  square,  which  is  made  cathode 
when  applying  a  six-volt  drop  between  the  leads  M  and  N.  The 
cathode  current  density  was  kept  about  10  amperes  per  square 
decimeter,  whereas  the  anode  CD.  is  comparatively  low.  By 
continuous  acid  washings  and  electrolysis  the  metals  higher  in 
the  electromotive  series  are  gradually  deposited  with  mercury  on 
the  cathode.     The  resulting  amalgam  frees  itself   from  time  to 


Fig.  3. 


time  and  drops  down  to  the  bottom  of  the  cell  and  empties  through 
the  small  siphon  at  the  bottom  of  the  auxiliary  cell  into  the  waste. 
A  comparatively  small  amount  of  mercury  is  deposited  as  waste. 
After  continuing  the  process  for  a  few  hours,  the  mercury  is 
drained  off  through  the  stopcock  K  and  distilled  in  the  vacuum 
still.  If  mercury  of  extreme  purity  is  not  desired  the  latter  oper- 
ation may  be  dispensed  with. 

The  stirrer  A  is  made  of  hard  glass  and  sealed  to  a  molyb- 
denum rod  3/32  in.  (2.35  mm.)  in  diameter.  The  rod  is  held 
by  the  set  screw  in  the  rotating  apparatus  which  is  driven  by  a 
small  fan  motor.  The  metal  glass  joint  has  withstood  the  vibra- 
tion accompanying  stirring  as  high  as  2500  R.  P.  M. 
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The  niercurous  sulphate  was  prepared  by  the  electrolytic 
method.  The  apparatus  used,  Fig.  5,  is  a  unit  of  the  Westing- 
house  electro-analysis  bench,  which  has  an  unusually  wide  lati- 


4»+C(H^iitw/«' 


tude  of  regulation.  Mercury,  as  purified  above,  is  placed  in  a 
600  cc.  glass  beaker  to  a  depth  of  about  4  cm.  4  N.  H„SO„  C.P., 
fills  the  beaker  to  within  a  few  cm.  of  the  top.  A  platinum  lead 
through  the  bottom  of  the  beaker  in  the  mercury  is  made  the 
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anode,  whereas  the  small  platinum  gauze  electrode  near  the  top 
of  the  acid  electrolyte  is  the  cathode.  Electrolysis  is  carried  on 
with  about  4  amperes  per  square  decimeter  anode  surface.  The 
hard  glass  stirrer  turning  at  350  R.  P.  M.  keeps  the  solution  well 
agitated  and  gives  a  fresh  mercury  surface  continuously.  The 
formation  of  large  globules  of  mercury  has  no  detrimental  pack- 
ing effect  upon  the  sulphate,  as  these  rapidly  sink  into  the  mer- 
cury and  assist  in  keeping  a  fresh  anode  surface.  Some  tine 
globules  are  mixed  with  the  sulphate  and  assist  in  making  a  good, 
clear,  mercurous  product.  The  vigorous  stirring  keeps  much  of 
the  mercurous  sulphate  in  suspension. 

After  a  sufficient  amount  of  product  has  been  formed,  it  is 
transferred  to  a  Gooch  crucible  and  drained  of  excess  electrolyte 
and  of  mercury  by  slight  pressure  upon  the  surface  of  the  mass. 
Several  washings  with  very  dilute  sulphuric  acid,  followed  by 
rapid  washings  with  anhydrous  acetone  or  absolute  alcohol,  then 
with  dilute  cadmium  sulphate,  and  finally  with  saturated  cadmium 
sulphate  solution,  gives  a  good  uniform  product  ready  to  make 
the  paste. 

TJie  paste  is  made  by  using  mercurous  sulphate  as  prepared, 
mixing  it  with  about  10  percent  by  volume  of  about  50-mesh 
(0.5  mm.)  CdS04.8/3H.O  crystals,  and  making  it  of  the  consist- 
ency of  thick  cream  by  the  addition  of  saturated  CdSO^  solution. 

Cadmium  obtained  from  J.  T.  Baker  was  first  redistilled  in 
quartz  in  vacuum  and  was  deposited  in  pure  crystalline  form.  In 
freeing  the  crystals  from  the  quartz  surface  when  cold,  small 
particles  of  quartz  were  chipped  off  with  the  crystals,  so  that 
this  process  was  abandoned  in  favor  of  distillation  in  hard  glass 
in  vacuum.  The  product  obtained  by  means  of  hard  glass  dis- 
tillation was  very  pure,  and  could  be  freed  from  the  receiver 
best  by  breaking  the  glass.  Amalgam  consisting  of  12.5  percent 
by  weight  of  cadmium  was  made  by  dissolving  the  purified  cad- 
mium in  mercury  in  a  covered  weighing  bottle  placed  upon  a  hot 
plate  slightly  above  100°  C.  The  amalgam  could  be  kept  easily 
in  this  state  until  ready  for  use. 

The  cadmimn  sulphate  as  received  from  Baker  and  Adamson 
Co.  contained  small  amounts  of  iron,  nickel,  zinc,  and  traces  of 
other  impurities,  so  that  it  was  necessary  to  resort  to  further 
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Fig.  5. 
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purification  of  this  material.  The  crystals  were  dissolved  in  an 
excess  of  water  during  rapid  agitation  of  the  solution  and  crys- 
tals. A  small  amount  of  cadmium  oxide  and  hydrogen  peroxide 
were  added  to  the  solution,  which  then  was  placed  in  a  low  tem- 
perature (60°  C.)  oven  and  kept  there  for  a  few  hours.  After 
filtration  of  the  ferric  hydroxide  and  other  precipitated  material, 
a  few  drops  of  pure  concentrated  sulphuric  acid  were  added. 
Upon  continued  heating  the  cadmium  sulphate  crystallized  out 
and  was  collected  by  draining  upon  a  Buchner  funnel.  Rinsing 
with  a  little  distilled  water  and  drying  gave  a  quantity  of  cloudy 
crystals.  These  were  dissolved  in  water  giving  a  nearly  saturated 
solution.  A  few  drops  of  H2SO4  were  added  and  the  solution 
was  set  aside  in  shallow  crystallizing  dishes.  Filter  paper  cones 
covered  the  dishes  to  prevent  any  dust  from  the  air  entering  the 
solution.  This  process  gave  a  quantity  of  large  transparent  crys- 
tals CdS04.8/3HoO.  These  were  dissolved  in  pure  water  so 
that  a  saturated  solution  resulted  after  several  hours  of  rapid 
stirring  with  an  excess  of  crystals  at  room  temperature. 

FILLING  THE  CELL. 

As  has  been  stated  in  the  description  of  the  cell  blank,  Fig.  1, 
the  central  chamber  is  made  the  cathode  while  the  outer  concen- 
tric tube  is  made  the  anode.  The  cadmium  amalgam  is  introduced 
through  the  circular  opening  near  the  top  of  the  cathode  tube  by 
means  of  a  smaller  glass  tube  which  is  curved  so  that  all  the  amal- 
gam enters  the  chamber.  A  depth  of  1.5  cm.  is  sufficient  to  amply 
cover  the  tungsten  lead.  The  spherical  part  of  the  leg  of  the 
cathode  chamber  is  filled  slightly  more  than  half  full  with  mer- 
cury. The  paste,  as  described  above,  is  carefully  pipetted  into 
the  cathode  chamber  so  that  it  covers  the  mercury  to  a  depth  of 
about  2  cm.  Two  methods  are  used  to  hold  the  mercury  and 
paste  in  position.  The  first  method  which  has  been  used  hereto- 
fore consists  in  thrusting  a  silk-covered  hollow  cork  ring  down 
upon  the  surface  of  the  paste.  The  opening  through  the  hollow 
cork  is  about  0.5  cm.  in  diameter.  To  insure  the  plug  from  chemi- 
cally affecting  the  E.  M.  F.  of  the  cell,  it  is  first  thoroughly 
boiled  in  water,  dried  free  from  moisture  and  allowed  to  soak 
several  days  in  saturated  cadmium  sulphate  solution.  Acid 
treated  silk  which  has  been  thoroughly  washed  and  dried  exists 
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in  a  stable  condition  in  contact  with  the  cell  ingredients.  The 
alternate  method  of  holding  the  paste  and  mercury  in  position 
consists  in  using  a  clean  coil  (two  turns)  of  No.  28  (0.32  mm.) 
tungsten  wire,  which  is  slightly  larger  than  the  cathode  tube  to 
replace  the  cork  used  above.  A  slight  annular  concave  depres- 
sion made  in  the  cathode  tube  when  constructing  the  blank  serves 
to  hold  the  silk  and  coil  in  the  proper  position. 

The  cell  was  next  filled  to  the  upper  seal  with  the  saturated 
cadmium    sulphate   solution    in    which   a    few    crystals    of    clear 
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liRVE    1.      Saturatcil    Il-Tyiic   Standard    Cell- — Hard    Cdass   'rungsten   Leads. 

CdSO^.S/SH.O  have  been  added.  By  placing  the  cell  in  cold 
tap-water  to  a  depth  of  6.5  cm.  a  smooth  seal  may  be  made  by 
judiciously  softening  the  hard  glass  with  the  temperature  of 
the  oxygen-natural  gas  flame.  Before  sealing  the  cell  oft  per- 
manently, a  small  capillary  opening  is  left  at  the  top  of  the  seal 
and  is  closed  after  the  glass  above  the  tap-water  has  reached 
the  room  temperature.  This  frees  the  interior  of  the  cell  from 
any  reduced  pressure  effect.  No  basic  cadmium  sulphate  is 
thrown  out  of  solution  when  these  precautions  are  taken  in  seal- 
insf  off  the  cell. 
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ELECTRICAL   TESTS. 

After  completion,  these  cells  were  tested  periodically  to  deter- 
mine the  constancy  of  the  E.  M.  F.  A  Wolf  potentiometer  was 
used  for  this  purpose.  Six  portable  unsaturated  cells  of  the 
Weston  type  served  as  standards.  Four  of  these  cells  were  sent 
to  the  Bureau  of  Standards  for  check  at  various  times  and  a 
weighted  mean  of  the  certificate  values  of  these  six  cells  was  vised 
in  checking  the  new  cells.  The  cells  were  not  placed  in  an  oil 
bath  but  before  checking  they  were  kept  in  the  standardization 
room  for  several  hours  and  the  air  temperature  close  to  the  cells 
noted.  The  temperatures  were  accurate  to  at  least  one-half  de- 
gree. Curve  No.  1  shows  a  series  of  tests  covering  a  period  of  2^ 
years  for  an  early  set  of  saturated  H-type  cells  made  up  of  hard 
glass  and  tungsten  leads.  These  cells  show  a  smaller  variation 
of  E.  M.  F.  than  do  the  individual  portable  cells  used  for  stand- 
ardizing them.  Table  I  gives  a  record  of  the  E.  M.  F.  of  a  set 
of  unsaturated  cells  of  the  concentric  type.  These  have  not  been 
kept  for  a  long  enough  period  to  give  useful  data  on  their  con- 
stancy. 

Tabic  I. 


Cell 

E.  M.  F. 

900 

1.01822 

901 

1.01821 

902 

1.01824 

903 

1.01813 

904 

1.01821 

907 

1.01810 

908 

1.01815 

909 

1.01811 

910 

1.01814 

911 

1.01824 

FACTORS   AFFECTING   THE   STABILITY   OF   STANDARD   CELLS. 

Such  changes  noted  at  the  mercury  surface  as  the  hydrolysis 
and  formation  of  basic  salt  in  the  solution  give  an  increase  of 
E.  M.  F.  as  the  mercury  concentrates.  Crystalline  basic  salts  stop 
increase  of  free  acid  formation  due  to  hydrolysis,  which  has  a 
tendency  to  lower  the  E.  M.  F.  The  E.  M.  F.  is  also  decreased 
by  evaporation  of  the  liquid,  by  the  change  in  the  crystalline  state 
of  the  cadmium  sulphate  and  by  the  ineqiiality  of  the  grain  sizes 
of  the  mercurous  sulphate.  It  is  obvious  that  the  cell  blanks  must 
be  absolutelv  clean  and  the  chemicals  used  nnist  be  of  excellent 
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purity.  A  cell  which  is  very  slightly  acid  makes  a  satisfactory 
working  standard.  A  slight  variation  in  the  composition  of  the 
cadmium  amalgam  has  no  harmful  effect  upon  the  E.  M.  F.  The 
tungsten  leading  into  the  interior  of  the  cell  legs  is  usually  cov- 
ered with  a  small  quantity  of  tungstic  oxide.  This  is  reduced 
electrolytically  in  dilute  H.SO^  at  the  cathode  which  leaves  a 
very  thin  layer  of  spongy  tungsten  about  the  wire.  Mercury  is 
deposited  upon  the  tungsten  immediately  by  adding  a  small  quan- 
tity of  mercurous  nitrate  to  the  electrolyte.  It  is  probable  that 
a  slight  amalgamation  of  the  tungsten  is  produced  in  this  case. 
In  emptying  the  electrolyte  from  the  blank  and  after  subsequent 
washings  with  distilled  water,  the  tungsten  leads  remain  bright 
due  to  the  electrolytically  deposited  mercury.  This  process  of 
amalgamation  of  the  leads  gave  a  very  stable  contact  with  the 
cell  and  is  free  from  high  resistance  effects,  which  accompany 
untreated  electrodes. 

ADVANTAGES  OF   THE  PORTABI^E   CELL,. 

The  portable  cell  as  described  has  at  least  five  distinct  advan- 
tages : 

(1)  Compactness. 

(2)  The  cathode  is  centrally  located,  holding  the  mercury  in 
a  central  chamber. 

(3)  Stability  of  construction. 

(4)  Legs  are  kept  at  the  same  temperature,  thus  reducing 
E.  M.  F.  variations. 

(5)  Constant  electromotive  force  is  obtained  over  long  periods 
of  time. 

The  authors  wish  to  express  their  thanks  to  James  G.  Ford 
and  Paul  O.  Askin  for  assistance  in  setting  up  and  testing  many 
of  the  cells. 
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INDUSTRIAL  APPLICATIONS    OF    ELECTROLYTIC  CONDUCTIVITY 
MEASUREMENTS.! 

By  Earl  A.  Keeler.- 

ABSTRACT. 

Use  of  accurate  conductivity  measurements  on  electrolytes, 
to  determine  therefrom  variations  in  their  composition,  such  as 
using  a  salt  solution  of  known  conductivity  as  a  solvent  for 
sugar,  and  determining  the  amount  of  sugar  by  its  effect  in  in- 
creasing the  resistivity  of  the  solution.  Such  measurements  may 
be  useful  methods  of  control  in  chemical  manufacturing  opera- 
tions, several  of  which  are  suggested. —  [J.  W.  R.] 


Recent  advances  in  the  methods  of  making  conductivity  meas- 
urements have  made  possible  the  practical  application  of  this 
type  of  measurement  to  the  recording  and  control  of  industrial 
processes.  In  many  instances  uniformity  of  product,  along  with 
considerable  saving  of  time  and  money,  may  be  effected  by  the 
use  of  such  measurements.  The  satisfactory  results  secured  by 
utilizing  the  new  method,  coupled  with  the  many  possibilities  for 
further  application  to  the  industries,  make  the  subject  well  worth 
considering.  Accordingly,  this  paper  is  presented  with  the  ex- 
pectation that  it  may  be  of  interest  and  assistance  to  those 
who  are  considering  the  practical  application  of  conductivity 
measurements. 

The  usual  method  of  making  conductivity  measurements  re- 
quires the  use  of  a  Wheatstone  bridge  with  a  high  frequency 
source  of  alternating  current  and  a  telephone  receiver  as  a  de- 
tector.    For  absolute  measurements  of  conductivity  this  method 
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is  unquestionably  the  best.  It  has  the  advantage  of  being  practi- 
cally free  from  polarization  errors.  Its  disadvantages  lie  in  the 
necessity  for  quiet  surroundings  and  an  operator  possessing  a  fair 
degree  of  skill.  For  industrial  work  the  polarization  errors  are  not 
important,  since  it  is  usually  sufficient  to  base  the  measurements 
upon  comparisons  rather  than  upon  absolute  values  of  conduc- 
tivity. It  is  only  important  that  the  polarization  errors  remain 
practically  constant  under  similar  conditions.  This  permits  the 
use  of  low-frequency  current,  which  can  be  conveniently  obtained 
from  commercial  alternating  current  supply  circuits.  Thus  the 
necessity  for  a  somewhat  troublesome  high-frequency  generator  is 
eliminated.  By  substituting  for  the  telephone  receiver  a  simple 
alternating  current  galvanometer,  which  differs  only  slightly  from 
an  ordinary  portable  D.  C.  galvanometer,  the  necessity  for  a 
skilled  operator  is  also  eliminated.  It  is  much  easier  for  an 
unskilled  operator  to  balance  a  bridge  by  means  of  a  galvanometer 
and  low-frequency  current  than  by  use  of  the  telephone  receiver 
and  high-frequency  current. 

The  greatest  advantage,  however,  of  the  low-frequency  method 
is  to  be  found  in  the  ease  and  convenience  with  which  it  lends 
itself  to  the  construction  and  practical  operation  of  automatic 
recording  and  control  apparatus.  If  recording  and  control  are 
not  necessary,  a  convenient  and  portable  hand-operated  bridge 
may  be  used.  The  alternating  current  for  the  apparatus  is  then 
secured  by  connecting  with  a  flexible  cord  to  commercial  supply 
circuits.  The  conductivity  cell  is  usually  mounted  in  a  metal  case 
to  avoid  breakage,  and,  when  not  in  use,  is  conveniently  placed  in 
a  compartment  provided  for  that  purpose. 

As  a  matter  of  fact,  the  construction  of  practical  measuring 
apparatus  has  ceased  to  be  a  source  of  great  difficulty.  The 
greatest  difficulties  in  the  application  of  the  method  usually  arise 
from  temperature  variation  of  the  liquid  and  the  design  of  the 
conductivity  cell. 

Temperature  variation  can  be  satisfactorily  taken  care  of  by 
automatic  compensation  in  several  ways.  The  cell  design,  how- 
ever, requires  careful  attention.  Breakage  must  be  reduced  to  a 
minimum  without  sacrificing  the  electrical  insulation  properties. 
Sufficient  circulation  of  the  electrolyte  through  the  cell  must  be 
secured  in  order  that  the  variations  of  conductivity  may  be  fol- 
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lowed  accurately.  The  design  should  also  be  such  as  to  facilitate 
cleaning  and  inspection.  A  rugged  and  "fool-proof"  cell  will 
eliminate  most  of  the  difficulties  that  arise  in  conductivity  meas- 
urements under  industrial  conditions. 

Conductivity  measurements  cannot,  as  a  general  rule,  be  applied 
as  a  means  for  analysis  of  solutions.  It  is  usually  impossible  to 
distinguish  between  the  various  salts  which  may  be  in  solution  to- 
gether, although  if  one  salt  is  materially  higher  in  concentration, 
mobility  of  its  ions,  or  degree  of  dissociation,  its  concentration 
may  be  determined  in  the  presence  of  other  salts.  It  is  also 
important  that  the  concentrations  of  the  other  salts  present  remain 
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constant  or  nearly  so.  The  portion  of  the  conductivity  due  to  the 
salt  to  be  determined  will  then  largely  preponderate  over  that  due 
to  the  other  salts  present.  In  any  event,  variations  of  the  con- 
centrations to  be  determined  should  practically  be  the  sole  cause 
of  all  the  changes  of  conductivity  that  take  place.  The  accuracy 
of  the  measurement  necessarily  depends  upon  the  degree  to  which 
this  condition  can  be  secured. 

It  is  not  always  well  to  base  a  decision  on  purely  theoretical 
grounds,  unless  one  is  very  careful  to  take  into  account  the  other 
conditions  of  the  problem.  For  example,  consider  the  application 
of  conductivity  methods  to  the  determination  of  concentrations  in 
sugar  solutions.  It  is  well  known  that  the  degree  of  ionization  in 
sugar  solutions  is  very  small,  and  consequently  the  conductivity 
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method  would  seem  impracticable  as  a  means  of  measuring  the 
concentrations.  This,  however,  is  only  true  under  certain  condi- 
tions. It  is  possible  to  control  the  conditions  so  that  the  changes 
of  sugar  concentration  produce  material  changes  in  resistance.  This 
may  be  done  by  utilizing,  as  the  solvent,  water  that  already  contains 
a  small  amount  of  soluble  salts.  The  solvent  then  has  a  definite 
conductivity,  and  additions  of  sugar  result  in  a  decrease  of  con- 
ductivity, or  increase  of  resistance,  as  shown  in  Fig.  1.  (The 
solvent  contained  0.02  ]:)ercent  of  sodium  chloride.)     Fig.  2  shows 
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the  usual  type  of  resistance-concentration  curve.  The  change  of 
resistance  is  practically  entirely  due  to  the  interference  effect  of 
the  dissolved  sugar.  That  is,  the  un-ionized  sugar  in  solution 
reduces  the  average  velocity  of  the  ions  by  obstructing  their  free 
passage  through  the  solution  between  electrodes.  It  is  evident, 
therefore,  that  the  resistance  change  is  of  a  nature  not  usually 
associated  with  a  concentration-conductivity  measurement.  A 
noteworthy  application  of  this  type  of  control  is  found  in  the 
evaporation  of  sweetened  milk.  Here  the  large  amount  of  sugar 
is  effective  in  reducing  the  conductivity  of  the  milk,  which  is 
largely  due  to  dissolved  salts. 


CONDUCTIVITY   MEASUREMENTS.  Il7 

Although  it  is  impossible  to  cover  fully  the  possibilities  of  the 
conductivity  method,  the  following  list  is  representative  of  the 
wide  field  of  applications.  Many  of  these  applications  have  al- 
ready been  successfully  made  under  industrial  conditions.  The 
remainder  are  so  far  advanced  in  the  development  stage  that 
there  is  little  doubt  but  that  they  will  prove  satisfactory : 

(1.)  The  measurement  of  boiler  water  concentrations  and  the 
control  of  the  blow-down  point. 

(2.)  Determining  the  "finish"  point  in  the  evaporation  of  con- 
densed milk. 

(3.)  The  measurement  and  detection  of  surface  condenser 
leakage. 

(4.)   The  detection  of  losses  in  the  tail-races  of  evaporators. 

(5.)   The  measurement  of  CO,  in  flue  gases. 

(6.)   The  measurement  and  control  of  acid  concentrations. 

(7.)  The  determination  of  the  concentrations  of  electrolytes  in 
liquid  rheostats. 

(8.)   The  measurement  of  evaporator  concentrations. 

(9.)   Determinations  of  the  salinity  of  ocean  or  river  waters. 

In  conclusion,  it  should  be  noted  that  not  all  chemical  j^rocesses 
can  be  followed  by  conductivity  measurements.  For  this  reason, 
attention  is  called  to  another  method,  which  is  particularly  well 
adapted  to  measurements  involving  changes  in  acidity  or  alka- 
linity. It  is  well  known  that  many  chemical  processes  or  reactions 
can  be  followed  and  investigated  by  the  measurement  of  the  poten- 
tial difference  or  changes  in  potential  difference  between  two  elec- 
trodes immersed  in  the  solutions  involved.  These  potential 
changes  result  from  the  changes  in  magnitude  or  nature  of  the 
ionic  concentrations  in  the  solutions  undergoing  the  reaction  or 
chemical  changes.  The  determination  of  hydrogen  ion  concentra- 
tion by  means  of  the  potential  difference  existing  between  a 
hydrogen  electrode  and  calomel  cell  is  the  most  notable  example 
of  this  type  of  measurement. 

While  the  technique  of  the  hydrogen  ion  method  has  beew 
highly  developed  during  recent  years,  considerable  work  must  be 
done  to  develop  and  design  apparatus  that  will  be  satisfactory 
under  the  severe  requirements  of  industrial  use.   Development  work 
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along  this  line  is  progressing  rapidly,  and  it  is  expected  that  mate- 
rial will  soon  be  available  for  a  paper  on  the  "Industrial  Applica- 
tions of  Hydrogen  Ion  Determinations." 


DISCUSSION. 


W.  S.  Landis^  :  A  rather  interesting  commercial  development 
of  the  application  of  electrolytic  conductivity  measurements  was 
used  at  the  Government  nitrate  plant  at  Muscle  Shoals.  In  the 
pumping  of  nitric  acid  over  the  absorption  towers,  we  used  air 
lifts  at  the  bottom  of  wells  120  feet  deep.  There  were  110  of 
these  air  lifts  provided,  and  handled  nitric  acid  up  to  50  percent 
strength.  The  acid  was  carried  in  the  wells  through  aluminum 
piping,  coupled  by  flanged  joints.  The  great  problem  was  to 
determine  leakage  of  these  joints  in  the  numerous  wells. 

The  wells  were  flooded  with  water  and  a  very  small  stream 
introduced  at  the  bottom  and  permitted  to  overflow  at  the 
top.  A  pair  of  very  small  electrodes  connected  with  a  standard 
voltage  lamp  connected  to  the  lighting  circuit  of  the  plant  was 
inserted  in  the  overflow  of  each  well.  The  leakage  of  any  joint 
would  permit  acid  to  escape  into  the  overflow  water,  and  by  the 
glowing  of  the  lamp  we  could  detect  as  small  an  amount  as  one- 
fourth  of  one  percent  of  nitric  acid  in  this  waste  water. 

E.  R.  Morton^  :  In  connection  with  electrolytic  cell  measure- 
ment, I  recently  looked  over  a  large  number  of  cells  that  Leeds 
&  Northrup  were  exhibiting,  and  in  no  case  were  their  cells  of 
such  design  as  to  be  standardized  otherwise  than  by  comparison. 
That  is  something  that  ought  to  be  gone  into  and  a  type  evolved 
Avhich  will  give  a  quantitative  measurement  without  standardizing 
each  individual  cell  against  a  standard  maintained  in  the  manu- 
facturer's factory. 

Carl  Hering^  :  I  think  •the  paper  itself  states  that  it  refers 
only  to  relative  measurements  and  not  to  absolute  ones. 

'  .\merican    Cyanamid   Company,   New  York  Cily. 

»  New  York  City. 

•  Consulting  Electrical   Engineer,   Philadelphia,  Pa. 
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E.  R.  Morton  :  In  connection  with  that,  the  design  of  the  cells 
that  Leeds  &  Northrup  manufacture  was  not  such  as  to  permit 
the  cells  to  be  duplicated ;  it  was  largely  a  question  of  how  clever 
the  glass  blower  was,  and  how  closely  he  could  work  to  specified 
dimensions. 

Mr.  Keel:  I  do  not  think  Leeds  &  Northrup  keep  a  standard 
for  standardizing  those  cells;  you  can  standardize  them  to  an 
ordinary  normal  electrode,  and  anybody  can  make  that. 

E.  E.  Stark^  :  As  an  interesting  side  light  on  that,  in  the  devel- 
opment of  an  electrolytic  heater  I  found  out  that  by  putting 
ordinary  soap  in  water  the  conductivity  decreased  for  an  increase 
in  temperature,  and  very  rapidly  at  that. 

E.  A.  Keeler  (Communicated)  :  In  his  discussion  of  the  paper, 
Mr.  E.  R.  Morton  apparently  makes  the  following  assumptions: 

(1)  That  the  method  of  standardizing  or  determining  the  con- 
stant of  conductivity  cells  involves  the  use  of  a  standard  cell  main- 
tained in  the  manufacturer's  laboratory. 

(2).  That  duplication  of  cell  characteristics  can  not  be  ob- 
tained excepting  by  cleverness  of  a  glass-blower. 

Both  of  these  assumptions  are  incorrect,  as  may  be  seen  from  the 
following  explanation : 

(1)  A  conductivity  cell  may  be  checked  at  the  time  of  pur- 
chase and  at  any  other  time  by  a  measurement  of  its  constant.  The 
constant  is  a  factor  depending  upon  the  dimensions  of  the  cell,  and 
can  be  conveniently  determined  by  measuring  the  resistance  be- 
tween cell  electrodes  when  surrounded  by  a  standard  solution  such 
as  0.1  N  KCl.  The  conductivity  at  various  temperatures  of  stand- 
ard solutions  can  be  obtained  by  reference  to  Kohlrausch.  A 
simple  calculation  will  then  permit  determination  of  the  cell 
constant. 

Constant  =  Conductivity  X  Resistance. 

It  is  evident,  therefore,  that  a  conductivity  cell  can  be  checked 
anywhere  and  by  anyone  who  can  make  up  a  known  concentration 
solution  of  KCl  to  a  reasonable  degree  of  accuracy. 

(2)  In  regard  to  discussion  concerning  the  duplication  of  cells, 
I  wish  to  call  Mr.  Morton's  attention  to  the  fact  that  the  Leeds  & 

*  Electrician,   Elyria,  Ohio. 
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Northrup  Co.  manufacture  two  general  types  of  cells.  One  type 
is  made  of  glass  for  laboratory  work,  and  the  other  of  metal  with 
porcelain  insulation  for  the  electrodes.  In  general,  the  metal  cells 
are  recommended  for  industrial  use,  and  can  easily  be  adjusted 
for  cell  constant  by  varying  the  distance  between  electrodes  and 
using  a  standard  solution  in  the  resistance  determination.  As  a 
matter  of  fact,  it  is  a  simple  matter  to  produce  any  number  of 
cells  with  cell  constants  agreeing  within  a  fraction  of  1  percent. 
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LEAD   PLATING   FROM   SODIUM   HYDROXTOE   LEAD   BATHS   BY 

THE  USE  OF  ADDITION  AGENTS. » 

By  Frank   C.  Mathers- 

Abstract. 

Many  addition  agents  belonging  to  the  class  of  organic  fatty 
acids  or  substances  such  as  gums  and  rosins  containing  similar 
acids  were  found  to  greatly  lessen  the  formation  of  loosely  ad- 
hering crystals  on  the  lead  deposits  from  baths  of  lead  acetate 
dissolved  in  excess  of  sodium  hydroxide.  Probably  gum  sandarac 
and  gum  galbanum  were  best,  but  rosin  and  oleic  acid  were  quite 
good.  While  the  deposits  were  apparently  non-crystalline,  uni- 
form and  dense,  corrosion  tests  in  sulphuric  acid  showed  that 
they  offered  less  satisfactory  protection  to  the  metal  beneath  than 
lead  deposits  made  in  the  fluosilicate  bath. 


Introduction. 


Many  attempts  have  been  made  to  plate  lead  from  alkaline 
baths  prepared  by  dissolving  lead  oxide  or  nitrate  or  acetate  in 
excess  of  sodium  hydroxide.  Such  baths  have  the  advantage 
over  the  lead  fluosilicate  bath  that  they  may  be  quickly  prepared 
from  materials  that  are  easily  obtained.  However,  the  bath  is 
a  failure  due  to  the  very  crystalline  nature  of  the  deposit.  The 
directions  for  the  operation  of  this  bath^  say  that  "  in  order  to 
produce  a  dense  deposit  of  some  thickness,  the  objects  have  to 
be  frequently  scratch-brushed." 

Apparently  some  attempts  have  been  made  to  prevent  the  crys- 
talline structure  by  the  use  of  addition  agents,  as  is  shown  by 

"  Manuscript    received  August    5,    1920. 

*  Associate   Professor  of  Chemistry,   Indiana  University. 

'  Ivangbein-Erandt,    "Electrodeposition    of  Metals,"    p.    472. 
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the  sale  of  such  a  bath  containing  molasses,  by  a  plating-supply 
company.  This  bath  when  tested  in  our  laboratory  did  not  give 
a  satisfactory  deposit. 

The  purpose  of  this  research  was  to  try  various  addition  agents, 
in  the  hope  that  the  alkaline  lead  bath  could  be  made  to  give  as 
satisfactory  deposits  as  the  acid  lead  baths. 

Apparatus  and  Methods  of  Testing. 

Baths  of  200  cc.  (0.4  pint)  were  used.  The  composition  of 
the  baths  was  20  percent  or  grams  per  100  cc.  (26.7  oz.  per  gal.) 
of  sodium  hydroxide  and  7.3  percent  (9.7  oz.  per  gal.)  of  crystal- 
lized lead  acetate.  This  quantity  of  lead  acetate  is  equivalent  to 
4  percent  (5.3  oz.  per  gal.)  of  lead.  The  temperature  was  85°  C. 
(185°  F.).  The  higher  the  temperature  the  better  the  deposits. 
Two  lead  anodes  were  suspended  on  opposite  sides  of  the  beaker 
by  iron  wires,  and  an  iron  cathode,  freshly  cleaned  in  acid,  was 
suspended  between  the  anodes.  A  current  of  1.7  amp.  per  sq.  dec. 
(15.8  amp.  per  sq.  ft.)  was  used.  The  addition  of  more  sodium 
acetate  was  found  to  have  no  influence  upon  the  deposits,  hence 
no  effort  was  made  to  prepare  baths  without  this  by-product. 

The  selection  of  the  above  concentration  was  the  result  of  a 
few  preliminary  experiments  on  variation  in  the  concentration 
of  the  bath.  Baths  containing  1  and  2  percent  of  lead  and  5,  10 
and  20  percent  sodium  hydroxide  gave  brighter  deposits  the 
higher  the  percent  of  sodium  hydroxide.  A  series  of  experiments 
using  20  percent  sodium  hydroxide  and  1,  2  and  4  percent  lead 
gave  deposits  that  were  less  fluffy  and  more  solid  as  the  concen- 
tration of  lead  increased ;  then  with  4  percent  of  lead  and  15,  20, 
30  and  40  percent  of  sodium  hydroxide,  the  better  deposits 
were  obtained  from  the  baths  containing  15  or  20  percent  sodium 
hydroxide. 

Experiments  zvith  Addition  Agents. 

Most  of  the  addition  agents  that  were  tried  dissolved  fairly 
well  when  added  directly  to  the  warm  alkaline  baths.  In  most 
cases,  0.5  percent  (0.66  oz.  per  gal.)  of  the  solid  addition  agent 
was  added ;  increased  quantities  of  the  addition  agents  were  tried 
but  in  general  these  increases  produced  no  material  improvement 
in  the  deposits. 
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The  following  substances  produced  no  improvement  in  the  de- 
posits or  at  least  very  slight  improvement  when  compared  with 
the  more  effective  substances:  casein,  cane  molasses,  phenol, 
tannic  acid,  gum  arabic,  clove  oil,  coal  tar  pitch,  lanolin,  stearic 
acid,  aniline,  nitrobenzene,  water  extract  of  pine  wood,  aloes  from 
Barbadoes,  brown  sugar,  creosote  oil,  tar  oil,  starch,  gum  mastic, 
eucalyptus,  gum  gambir,  balsam  tolu.  Burgundy  pitch,  gum  traga- 
canth,  manna,  gum  guaiac,  balsam  copaiba,  cottonseed  oil,  tur- 
pentine and  thin  tar  oil. 

The  following  inorganic  substances  showed  no  value  as  addi- 
tion agents:  sodium  cyanide,  sodium  silicate,  sodium  aluminate, 
sodium  thiosulphate  ("hypo"),  sodium  sulphite,  arsenious  acid, 
and  borax.  Relatively  large  quantities  of  these  substances,  as 
high  as  5  percent  in  some  cases,  were  tried.  The  strong  odor  of 
ammonia  from  the  bath  containing  sodium  cyanide  showed  that 
the  use  of  cyanide  in  these  very  hot  alkaline  baths  was  impossible 
even  if  a  beneficial  action  had  been  observed. 

Casein  was  decomposed  by  the  hot  alkaline  liquid  with  evolu- 
tion of  ammonia.  The  cane  molasses  had  some  beneficial  in- 
fluence, as  shown  by  the  fact  that  the  crystals  were  heavier  and 
more  firmly  attached. 

The  following  substances  showed  very  marked  beneficial  in- 
fluence upon  the  deposits :  glue,  oleic  acid,  whale  oil,  linseed  oil, 
sweet  almond  oil,  refined  tar  oil,  sandarac,  gum  benzoin,  Canada 
turpentine,  gum  rosin,  euphorbia,  gum  galbanum,  shellac,  gum 
thus,  gum  ammoniac  and  asafetida.  Of  the  above  addition  agents 
the  sandarac,  galbanum,  euphorbia  and  rosin  were  perhaps  the 
best.  Probably  others  of  the  gums  and  rosins  would  have  given 
good  results  if  they  had  been  tried.  None  of  these  addition  agents 
dissolved  completely  in  the  alkaline  baths.  Even  the  soaps  from 
the  rosin  and  the  oleic  acid  only  partly  dissolved.  The  limited 
solubility  of  some  of  the  gums  and  oils  may  have  been  the  only 
factor  that  caused  them  to  give  unsatisfactory  results.  This  was 
undoubtedly  true  in  the  case  of  stearic  acid.  Some  difficulty  was 
caused  by  the  insoluble  matter,  coming  both  from  the  impurities 
in  the  anodes  and  from  the  addition  agent,  making  the  cathodes 
rough.  This  trouble  would  not  have  been  so  great  in  cold  baths 
but  the  high  temperature  kept  the  sludge  thoroughly  mixed 
throughout  the  baths. 
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The  addition  agents  dissolved  better  in  baths  using  potassium 
hydroxide  in  place  of  the  sodium  hydroxide,  but  the  deposits 
were  not  sufficiently  better  to  warrant  the  change. 

Sandarac  was  probably  the  best  addition  agent,  but  good  de- 
posits can  be  obtained  with  rosin.  About  0.3  to  0.5  percent  of 
sandarac  and  0.5  to  1  percent  of  rosin  should  be  used.  It  is  best 
to  dissolve  the  addition  agents  in  dilute  sodium  hydroxide  before 
putting  them  into  the  baths.  A  precipitate  always  forms,  but  if 
less  addition  agent  is  used  in  order  to  avoid  this  precipitate  less 
good  deposits  are  obtained. 

Tests  of  Lead-plated  Iron  in  Sulphuric  Acid. 

In  all  cases,  iron  objects  plated  in  these  baths  were  more  readily 
attacked  by  5  percent  sulphuric  acid  than  were  similar  objects 
plated  in  an  acid  lead  bath.  There  seemed  to  be  pin  holes  in  the 
deposits  throtigh  which  the  acid  reached  the  iron. 

Current  Efficiencies  at  the  Cathode  and  the  Anode. 

A  bath  containing  4  percent  lead,  20  percent  sodium  hydroxide 
and  0.5  percent  of  rosin  gave  a  cathode  efficiency  of  deposition 
of  99.6  percent  and  an  anode  efficiency  of  solution  of  73.9  per- 
cent, with  a  current  density  of  1.75  amp.  per  sq.  dec.  (15.8  amp. 
per.  sq.  ft.)  at  both  electrodes.  At  room  temperature,  the  anode 
efficiency  was  only  56  percent.  With  the  anode  surface  increased 
so  that  the  current  density  was  0.35  amp.  per  sq.  dec,  the  anode 
efficiencies  were  99.3  and  100.9  percent;  at  0.5  amp.,  99.6  and 
99.3 ;  at  0.7  amp.,  99.4  and  101.4 ;  at  1  amp.,  99.4  and  99.  These 
data  show  that  the  current  density  at  the  anode  should  not  be 
greater  than  1  amp.  per  sq.  dec.  (9.3  amp.  per  sq.  ft.)  and  that 
the  high  temperature  is  necessary  for  proper  anode  corrosion  as 
well  as  for  improvement  of  the  cathode  deposit. 

SUMMARY. 

1.  Gum  sandarac,  gum  galbanum,  rosin  and  oleic  acid  were 
satisfactory  addition  agents  for  restraining  the  crystalline  struc- 
ture of  the  cathode  deposits  in  alkaline  lead  baths.  Other  gums, 
rosins  and  fatty  acids  showed  marked  beneficial  influences. 

2.  A  satisfactory  concentration  of  bath  is :  7.3  percent  (9.7 
oz.  per  gal.)  of  crystallized  lead  acetate,  20  percent  (27  oz.  per 
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gal.)  of  sodium  hydroxide  and  0.3  to  1  percent  (0.4  to  1.32  oz. 
{)er  gal.)  of  addition  agent  such  as  gum  sandarac,  rosin,  etc. 

3.  As  high  a  temperature  as  possible  should  be  used.  Better 
deposits  are  obtained  at  90°  C.  (194°  F.)  than  at  80°  C.  (176° 
F.). 

4.  The  current  density  at  the  anode  should  not  be  greater 
than  1  amp.  per  sq.  dec,  (9.3  amp.  per  sq.  ft.).  A  cathode  cur- 
rent density  of  1.5  to  2  amp.  per  sq.  dec.  (14.1  to  18.8  amp.  per 
sq.  ft.)  can  be  used,  but  the  lower  the  current  the  better  the 
deposit.  At  these  current  densities,  the  corrosion  and  deposition 
are  approximately  100  percent. 

5.  The  deposits  are  not  as  perfect  as  those  from  the  acid  lead 
baths,  hence  they  are  less  satisfactory  as  protection  against  sul- 
phuric acid. 

6.  Sludge  in  the  baths  at  these  high  temperatures  tends  to 
cause  roughness  of  the  deposits. 

7.  This  research  is  of  importance  in  relation  to  the  general 
subject  of  addition  agents,  in  that  it  shows  a  class  of  addition 
agents  that  successfully  overcome  the  crystalline  structure  in  de- 
posits from  alkaline  baths. 

Indiana  University, 
Bloomington. 


DISCUSSION. 


F.  C.  Mathers:  This  paper  gives  the  results  of  experiments 
with  addition  agents  in  alkaline  lead  plating  baths.  These 
samples  show  some  typical  deposits.  The  first  one  is  from  a  bath 
containing  no  addition  agent.  The  loose  crystalline  deposit  is 
characteristic  of  such  baths.  These  other  samples  are  from  baths 
containing  gum  sandarac,  oleic  acid  and  rosin  respectively.  The 
great  smoothness  of  these  deposits  shows  that  there  is  no  trouble 
with  crystalline  structure.  However  the  deposits  are  not  as  im- 
pervious as  deposits  from  the  acid  lead  baths  and,  therefore,  are 
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not  so  good  as  protective  coatings.  I  do  not  feel  that  they  are  of 
commercial  value.  This  research  is  of  value  only  in  that  it  shows 
a  new  class  of  addition  agents  for  alkaline  baths  where  successful 
addition  agents  were  not  known.  Some  years  ago  an  alkaline  lead 
bath  containing  an  addition  agent,  which  was  probably  molasses, 
was  sold  on  the  market  by  a  plating  supply  house.  I  never  ob- 
tained any  satisfactory  deposits  from  it. 

Colin  G.  Fink^  :  A  good  deal  has  been  done  on  lead  plating 
and  lead  refining.  I  had  occasion  a  little  while  ago  to  review  the 
work  of  Anson  G.  Betts,  a  member  of  our  Society.  He  tried  out 
very  carefully  a  number  of  lead  electrolytes,  and  finally  came  to 
the  conclusion  that  the  lead  fluo-silicate  solution  was  the  best 
electrolyte  to  use.  It  occurs  to  me,  that  here  is  a  good  chance  for 
a  university  laboratory,  Indiana  University,  for  example,  to  go 
over  this  work  of  Mr.  Betts  and  check  up  the  adaptability  of  some 
of  the  simpler  electrolytes.  It  is  well  known  that  lead  chloride  and 
lead  sulphite  are  insoluble,  but  there  are  other  soluble  lead  salts 
a  good  deal  cheaper  and  simpler  than  the  fluo-silicate.  There  is  a 
very  good  opportunity  for  the  university  to  carry  out  small  scale 
experiments  along  this  line,  assuming  that  the  fluo-silicate  bath  is 
not  the  final  answer. 

F.  C.  Mathers:  I  would  like  to  ask  what  soluble  salts  the 
speaker  has  in  mind? 

Colin  G.  Fink:  I'd  rather  have  you  start  out  and  try  yours. 
I  will  be  better  prepared  to  say  in  another  year. 

W.  S.  Landis"  :  There  is  a  very  important  phase  of  this  lead 
depositing  and  lead  plating  that  is  interesting  others  than  strictly 
lead  platers.  The  cost  of  lead  lining  for  tanks  is  high,  and  lead 
burners  are  becoming  scarcer  every  day.  While  platers  are  work- 
ing on  these  thin  coatings,  a  hundred-thousandth  of  an  inch  thick, 
somebody  should  work  on  obtaining  an  eight  or  ten-pound  (to  the 
square  foot)  lead  coating,  so  that  we  could  get  away  from  the  lead 
burner. 

Wm.  Blum''  :  In  that  connection  I  would  call  attention  to  a  paper 
presented  last  year  on  the  use  of  fluoborate  lead  plating  baths,  in 
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which  there  were  no  original  developments  so  far  as  composition 
was  concerned,  but  in  which  it  was  shown  that  it  is  perfectly  pos- 
sible to  deposit  lead  up  to  0.05  inch  or  more  in  thickness,  on  the 
inside  of  chemical  apparatus.  Such  work  had  actually  been  started 
for  the  Edgewood  Arsenal  at  the  time  of  the  armistice ;  and  I 
think  that  anybody  interested  would  be  justified  in  looking  into  the 
commercial  applications  of  lead  plating.  Recently  we  were  asked 
whether  it  was  possible  to  plate  the  inside  of  a  tank  car  with  lead. 
I  will  not  say  that  this  is  practicable,  but  the  fact  remains  that 
there  are  great  possibilities  in  lead  plating. 

C.  P.  Madsen*  :  I  would  like  to  ask  Dr.  Mathers  whether  his 
work  with  colloids  and  addition  agents  is  based  on  any  scientific 
theory  or  whether  his  work  is  simply  empirical  experimentation. 

F.  C.  Mathers  :  Part  of  these  discoveries  of  addition  agents  are 
accidental.  After  one  locates  a  family  of  materials,  then,  of 
course,  it  is  easy  enough  to  pick  out  the  particular  one  that  is  best, 
but  in  the  beginning  it  is  largely  a  matter  of  "cut  and  try." 

A.  L.  Ferguson^  :  In  this  connection,  that  is  the  point  that  inter- 
ests me  very  much.  There  has  been  much  work  done  recently  on 
the  subject  of  addition  agents,  and  it  is  coming  to  be  a  very  im- 
portant factor  in  plating.  I  should  like  to  ask  Dr.  Mathers  or  any- 
one else  if  they  have  any  explanation  or  can  account  in  any  way 
for  the  action  of  these  addition  agents  ?  How  is  it  they  do  smooth 
out  the  deposit  and  make  it  better  ?  How  do  they  act  ?  And  then, 
in  line  with  the  remarks  of  the  previous  speaker,  that  would  help 
us,  I  think,  in  choosing  what  addition  agents  to  use ;  that  is,  it 
would  not  be  a  case  of  making  a  haphazard  guess,  but  one  would 
have  some  scientific  basis  for  the  selection.  I  know  the  colloidal 
theory  has  been  offered  by  some,  but  it  has  not  been  extended  to 
the  point  where  it  is  satisfactory,  as  far  as  I  know. 

F.  C.  Mathers  :  I  do  not  know  why  these  act  as  they  do.  Dr. 
Bancroft  insists  it  is  colloidal  adsorption  whereby  the  size  of  the 
crystals  is  reduced.    That  is  as  good  an  explanation  as  I  know  of. 

Colin  G.  Fink  :  There  are  a  number  of  theories  that  have  been 
advanced  in  regard  to  these  addition  agents  and  their  effects. 
There  are  some  metals,  such  as  tin  in  a  tin  chloride  bath,  which 
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without  addition  agents  readily  form  very  long  crystals  or  needles 
at  the  cathode.  Now,  if  you  add  to  that  tin  chloride  bath  a 
colloidal  material  which  will  remain  in  suspension  in  presence  of 
the  electrolyte,  what  happens  is  that  as  soon  as  a  small  crystal 
of  tin  begins  to  form  on  the  cathode,  there  is  apparently  an  attrac- 
tion for  the  colloidal  particles  which  attach  themselves  to  the 
points  of  the  crystals.  What  we  observe  under  the  microscope  is 
that  the  little  tin  crystal  does  not  grow  in  the  accustomed  straight 
line,  but  a  new  small  crystal  forms  on  its  side:  the  original  path 
is  blocked,  apparently.  Every  new  tin  crystal  in  turn  attracts  to 
its  point  a  small  colloidal  particle,  and  on  the  side  of  that  crystal 
a  new  crystal  grows,  so  that  instead  of  having  one  long  crystal,  as 
happens  without  addition  agents,  we  get  a  fern-like  structure  or 
fine  crystal  conglomerate. 

There  is  another  type  of  addition  agent  that  tends  to  form 
complex  salts  with  the  metal  ions ;  it  is  to  some  extent  similar  to 
the  complex  silver  sodium  cyanide.  In  the  case  of  silver  sodium 
cyanide  you  throw  out  sodium  as  your  primary  product,  which  in 
turn  reacts  upon  the  complex  silver  cyanide  ion  and  throws  out 
silver  as  a  secondary  product.  Primarily  deposited  silver  will 
always,  or  in  almost  all  cases,  be  coarse  crystalline,  whereas  sec- 
ondary silver  is  very  finely  crystalline  or  smooth.  These  are 
merely  conclusions  drawn  from  practical  observations. 

In  conclusion,  I  think  it  would  be  a  good  idea  for  the  Secretary 
to  get  in  touch  with  Dr.  Kern  and  ask  him  to  line  up  the  costs  of 
the  various  processes  that  he  proposes  for  the  industries.  Dr. 
Kern  is  giving  us  a  practical  paper  on  electrolytic  tin  refining.  If 
Dr.  Kern  knows  of  a  cheap  source  of  peptone  we  should  like  to 
hear  it. 

Cari<  Hiring®  :  I  was  about  to  offer  the  same  explanation  that 
Dr.  Fink  has  just  offered  for  the  prevention  of  the  growth  of 
crystals,  but  I  would  like  to  add  something  which  Dr.  Fink  did 
not  say.  I  have  studied  the  action  of  some  of  these  colloids  under 
the  microscope,  and  I  notice  that  they  migrate  and  deposit  just  like 
the  electrolytic  ions  do ;  most  of  them  migrate  toward  the  cathode, 
and  instead  of  this  being  an  accidental  deposit,  they  actually  are 
deposited  around  the  crystal  by  the  current;  they  grow  in  large 
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groups  around  the  end  of  every  crystal,  because  the  current  density 
is  greater  there ;  this  stops  a  crystal  from  growing,  even  when  it 
is  only  microscopically  small.  Some  particles  migrate  with  the 
current  and  some  against  it,  and  therefore  it  seems  to  me  to  be 
important,  in  the  selection  of  such  colloids,  to  choose  only  those 
which  travel  with  the  current,  that  is,  which  will  deposit  on  the 
cathode  instead  of  on  the  anode.  I  have  examined  dozens  of  them, 
and  most  of  them  travel  with  the  current;  very  few  travel 
against  it. 

I  might  take  this  opportunity  to  refer  to  the  paper  I  read 
about  a  dozen  or  more  years  ago  describing  this  research.  With 
some  difficulty  I  found,  in  the  same  solution,  one  of  those  colloids 
which  travels  in  one  direction  and  one  which  travels  in  the  other, 
and  I  arranged  the  microscopic  slide  so  as  to  get  two  of  these 
particles  into  such  a  position  that  they  would  travel  toward  each 
other,  as  I  was  interested  to  see  what  would  happen  when  they 
met,  because  evidently  there  is  a  positive  electrification  on  one  and 
a  negative  on  the  other.  I  thought  that  they  would  have  an  attrac- 
tion for  each  other  and  would  combine,  but  when  they  nearly  met 
they  turned  out  of  each  other's  way  like  two  wagons  in  a  narrow 
street.  Apparently,  the  adsorbed  coating  around  them  more  than 
resisted  the  electric  attraction,  as  is  apparently  also  the  reason  why 
in  the  Brownian  movements  the  small  oscillating  particles  never 
touch  each  other. 

Wm.  Blum  :  Just  one  other  point.  We  were  just  told  that  in 
some  way  these  colloidal  particles  are  attracted  and  later  actually 
deposited.  We  can  go  a  little  further  and  state  an  obvious  reason 
why  there  should  be  an  accumulation  of  these  colloidal  particles. 
viz. :  that  upon  any  point  or  projection  there  is  a  higher  current 
density  than  on  any  other  part  of  the  surface,  and  therefore  there 
must  be  a  greater  proportion  of  these  colloidal  particles  carried  to 
that  point  than  to  other  portions  of  the  surface.  We  have,  there- 
fore, the  theory  of  the  movable  diaphragm,  that  from  time  to 
time  this  accumulation  of  colloidal  particles  becomes  sufficient  to 
produce  an  effective  diaphragm,  or  an  increased  resistance  at  least, 
and  the  current  goes  to  some  other  point  until  the  current  density 
on  that  point  reaches  a  magnitude  which  will  cause  a  large  number 
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of  colloidal  particles  to  deposit.  That  theory  is,  I  think,  what 
Mr.  Fink  and  Mr.  Hering  both  had  in  mind. 

The  question  has  often  been  raised  as  to  whether  all  the  organic 
addition  agents  serve  as  colloids.  As  pointed  out  a  year  ago,  it  is 
probable,  although  by  no  means  actually  proven,  that  the  addition 
substances  are  either  colloids  or  give  rise  in  solution  to  colloids. 
The  substances  which  are,  by  nature,  reducing  agents  rather  than 
colloids,  such  as  hydroxylamine,  etc.,  probably  produce  colloids  of 
some  kind.  In  the  paper  a  year  ago  reference  was  made  to  the 
work  upon  the  silver  coulometer,  which  proved  that  even  very 
minute  amounts  of  certain  substances  produce  an  increase  in  the 
weight  of  the  cathode  deposits,  which  is  indisputable  evidence  that 
under  such  conditions  there  is  material  carried  to  the  cathode  along 
with  the  silver.  If  we  consider  the  question  of  the  inorganic  addi- 
tion agents  other  than  those  which,  as  Dr.  Fink  says,  affect  the 
ion  concentration  of  the  solution,  we  have  those  such  as  stannic, 
ferric  or  aluminum  sulphates,  which  almost  certainly  can  produce 
colloidal  particles.  If  the  objection  is  raised  that  in  an  acid  copper 
solution  there  is  little  chance  for  hydrolysis  of  aluminum  sulphate, 
we  must  always  remember  that  in  the  film  adjacent  to  the  cathode 
there  is  a  tendency  for  the  solution  to  become  neutral  or  alkaline, 
and  therefore  an  opportunity  for  the  separation  of  the  colloidal 
particles. 

Some  work  we  have  done  during  the  last  year  has  indicated 
that  the  prime  cause  of  roughness  is  the  presence  of  foreign  solid 
particles  in  the  solution,  and  if  you  can  keep  solutions  free  from 
suspended  matter  such  as  the  particles  derived  from  the  anodes, 
there  is  very  little  difference  between  the  behavior  of  certain  solu- 
tions, whether  they  contain  addition  agents  or  not.  The  effect  of 
addition  agents  is,  therefore,  in  a  large  degree,  to  overcome  the 
deleterious  effect  of  suspended  metallic  or  other  particles  of 
matter  in  the  solution. 

Colin  G.  Fink:  Dr.  Blum  brings  out  a  very  interesting  point, 
the  clarifying  action  of  addition  agents  in  a  number  of  baths.  We 
must  add  enough  addition  agents  not  only  to  improve  upon  the 
cathode  deposit,  but  to  take  care  of  material  loosened  from  the 
anode  which  would,  in  the  absence  of  that  addition  agent,  inter- 
fere with  a  good  deposit  at  the  cathode.     I  would  like  to  put  a 
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question  to  our  addition  agent  experts ;  I  would  like  to  ask  them 
whether  they  ever  tried  to  test  these  addition  agents  in  a  cell  with 
a  semi-permeable  partition,  or  a  porous  partition,  first  putting  the 
addition  agent  in  the  cathode  compartment  to  see  how  it  affects 
the  deposit;  then,  in  the  next  experiment,  putting  the  addition 
agent  in  the  anode  compartment  to  see  how  it  affects  the  results? 
I  think  there  are  very  interesting  surprises  in  store  for  those  who 
undertake  these  experiments. 

Mr.  Mortimer:  I  should  like  to  ask  these  gentlemen  if  any  of 
them  have  made  an  observation  of  the  effect  of  the  addition  agent 
on  the  electrical  resistance  of  the  electrolyte  ? 

Wm.  Blum  :  I  can  only  speak  qualitatively  on  that  subject. 
Statements  are  frequently  made  in  the  literature  that  the  addition 
of  such  substances  as  glue  in  small  amounts  changes  the  electrical 
resistance  of  a  solution.  We  have  not  made  any  precision  measure- 
ments, but  simply  from  conductivities  measured  with  a  rough 
outfit  for  getting  what  might  be  called  semi-quantitative  results,  I 
think  that  the  effects  on  the  conductivity  produced  by  most  addi- 
tion agents  are  not  measurable,  certainly  they  are  not  of  the  mag- 
nitude of  1  percent.  I  believe  that  the  use  of  an  addition  agent 
may  change  materially  the  voltage  required  to  produce  a  certain 
current  density,  i.  e.,  tend  to  increase  that  voltage  so  that  you  get 
effectively  an  increase  in  the  resistance ;  but  it  is  not  an  increase 
in  the  resistance  of  the  solution  but  of  the  cell. 

C.  B.  HoGABOOM^ :  In  the  electro-deposition  of  silver  from  solu- 
tions to  which  carbon  bisulphide  has  been  added,  it  is  necessary, 
if  you  are  running  a  normal  bath,  say  of  3  ounces  of  silver  and 
about  3  to  3y2  ounces  of  free  cyanide  per  gallon,  to  increase  that 
cyanide  content  to  at  least  5  ounces  and  increase  the  pressure  to  at 
least  ly^  volts. 

A.  L.  Ferguson  :  We  may  be  able  to  furnish  more  information 
along  that  line  next  year.  We  have  at  the  present  time  under  in- 
vestigation a  subject  of  that  nature,  the  addition  in  various  quan- 
tities, of  various  substances,  such  as  acids  and  some  other  electro- 
lytes to  a  colloidal  solution,  and  measuring  their  influences  on  its 
conductivity.  It  is  known  that  gelatine,  for  instance,  has  a  con- 
ductivity of  its  own,  and  this  was  measured  by  us  in  connection 
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with  some  other  work ;  it  was  also  shown  that  gelatine  added  to 
some  electrolytes  has  a  decided  effect  on  their  conductivity.  In 
connection  with  this  matter  of  addition  agents,  some  five  or  six 
years  ago  a  paper  appeared  by  Mr.  A.  Mutscheller,  I  believe,  on 
the  subject  of  the  influence  of  gelatine  on  the  deposition  of  silver 
in  silver  nitrate  solutions.  It  is  well  known  that  you  cannot  de- 
posit silver  in  an  adherent  form  from  silver  nitrate,  although  silver 
nitrate  is  the  solution  used  in  the  standard  silver  coulometer. 
His  work  was  done  more  from  the  plater's  point  of  view  than  as  an 
investigation  of  the  coulometer.  He  added  various  quantities 
of  gelatine  to  silver  nitrate,  and  the  deposit  gradually  smoothed 
out ;  finally  he  was  able  to  get  a  perfectly  smooth,  adherent  deposit 
that  would  stand  washing.  This  deposit  would  not  be  of  much 
value  from  the  plater's  point  of  view,  but  it  is  from  a  scientific 
point  of  view,  as  it  can  be  washed  and  weighed  without  any  diffi- 
culty. He  explained  the  behavior  of  the  gelatine  in  this  way ;  he 
said  that  gelatine  had  an  influence  on  the  transport  number.  That 
was  really  the  subject  of  the  paper.  We  know  that  part  of  the 
current  is  produced  by  movement  of  anions  to  anode  and  the  re- 
mainder by  movement  of  cations  to  cathode.  By  the  addition  of 
the  gelatine,  the  silver  was  caused  to  carry  all  the  current.  In 
fact,  he  went  so  far  as  to  state,  and  gave  data  to  the  effect,  that 
the  anion  also  could  even  be  caused  to  move  toward  the  cathode, 
that  is,  both  the  silver  and  nitrate  ions  may  move  toward  the  cath- 
ode, and  he  got  a  deposit  of  dark  colored  silver  which  he  claimed 
contained  some  carbon  which  resulted  from  the  deposition  of  the 
gelatine  along  with  the  nitrate  ion.  It  did  not  seem  logical  to  me 
at  all,  that  such  a  thing  could  happen,  and  last  year  we  undertook 
to  repeat  this  work,  (this  is  advance  information,  to  be  published 
shortly),  and  we  found  results  contradictory  to  his,  that  is  we 
could  add  any  quantity  of  gelatine,  and  the  transport  number  re- 
mained absolutely  the  same.  This  indicates  that  the  addition  of 
the  gelatine  to  the  silver  nitrate  has  no  eft'ect  whatever  on  the 
transport  number  of  silver  nitrate,  and  I  believe  we  have  proven 
that  point.  His  explanation  was  that  the  gelatine  is  positively 
charged,  that  it  is  a  positive  colloid  and  the  nitrate  ion  having  a 
negative  charge  was  adsorbed  by  the  gelatine,  the  resulting  com- 
plexes when  rather  large  quantities  of  gelatine  were  used  were 
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themselves  positively  charged,  and  moved  naturally  toward  the 
cathode,  so  that  when  he  had  added  sufficient  gelatine  to  combine 
with  or  adsorb  all  the  nitrate  ions,  all  the  ions  were  positively 
charged  and  moved  toward  the  cathode. 

F.  C.  Mathers  (Communicated)  :  I  do  not  think  that  any  of 
the  theories  advanced  in  this  discussion  to  account  for  the  action 
of  addition  agents  agree  sufficiently  well  with  the  mass  of  the 
facts.  Many  addition  agents  are  specific  for  certain  metals  and 
sometimes  even  for  certain  salts  only  of  these  metals.  Very 
briefly,  I  think  that  there  must  be  formed  complex  cations  con- 
taining the  addition  agent  and  also  the  acid  radical.  No  such 
general  theory  as  "migration  to  the  cathode"  explains  why  an  ad- 
dition agent  is  not  effective  with  all  the  salts  of  all  the  metals.  I 
do  not  wish  to  go  into  a  long  discussion  of  this  theory  at  this  time. 


A  paper  presented  at  the  Thirty-eighth 
General  Meeting  of  the  American  Elec- 
trochemical  Society,  in  Cleveland,  October 
2,  1920,  President  Landis  in  the  Chair. 


TIN  PLATING  FROM  ALKALINE  TIN  BATHS  BY  THE  USE  OF 
ADDITION   AGENTS.  1 

By  Frank  C.  Mathers-  and  William  H.  Bell.' 

Abstract. 

Smooth  adherent  tin  deposits  were  obtained  from  alkahne  tin 
baths,  using  balsam  copaiba  or  rosin  as  addition  agents.  Without 
the  addition  agents  the  deposits  were  non-adherent  and  crystalHne 
or  spongy.  The  serious  objection  to  these  baths  is  that  they 
gradually  deteriorate  until  finally  good  deposits  cannot  be 
obtained. 


INTRODUCTION. 


Alkaline  tin  baths  prepared  by  dissolving  stannous  chloride  in 
sodium  hydroxide  do  not  give  smooth,  firm  deposits  on  the 
cathode.  The  deposits  are  non-adherent  and  crystalline  or 
spongy,  and  are  unsuited  as  protective  coatings.  The  object  of 
this  research  was  to  study  the  effects  of  the  various  addition 
agents,  in  the  hope  of  finding  one  that  would  produce  smooth, 
non-crystalline  deposits.  It  must  be  remembered  that  Beneker* 
used  relatively  large  quantities  of  sodium  thiosulphate  ("hypo") 
in  the  sodium  stannite  bath.  Tests  here  have  shown  that  this 
bath  gives  good  deposits,  but  that  the  bath  gradually  deteriorates, 
and,  after  a  time,  produces  an  entirely  unsatisfactory  deposit. 

TESTS  OF  ADDITION  AGENTS. 

The  preliminary  work  consisted  in  the  testing  of  the  various 
addition  agents.     Each  test  bath  had  a  volume  of  500  c.c.  (1.1 

^  Manuscript  received  August  5,   1920. 

2  Associate   Professor  of   Chemistry,   University   of  Indiana. 

'  Sec'y-Treas.,  National  Stain   and   Reagent  Co.,  Norwood,   Ohio. 

*U.    S.  Patent  921,943. 
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pint).  The  composition  was  6  percent^  (8  oz.  per  gal.)  of  crystal- 
lized stannous  chloride  and  6  percent  (8  oz.  per  gal.)  of 
sodium  hydroxide.  Two  cast  tin  anodes,  3.7  cm.  sq.  (1.5  in.), 
were  suspended  with  iron  wires  on  oppposite  sides  of  a  beaker. 
An  iron  cathode,  freshly  cleaned  in  acid,  was  suspended  between 
the  anodes.  The  current  density  was  0.5  amp.  per  sq.  dec.  (4.7 
amp.  per  sq.  ft.)  ;  the  temperature  50°  C.  (122°  F.).  In  each 
case  0.1  percent  (0.13  oz.  per  gal.)  of  the  addition  agent  was 
added.  The  increase  in  the  addition  agent  above  this  amount  was 
not  found  to  appreciably  improve  the  deposit.  The  solid  addition 
agents  were  added  ditectly  to  the  warm  baths  in  most  cases.  If 
the  addition  agent  did  not  dissolve  well,  alcoholic  solutions  were 
used. 

The  results  with  the  addition  agents  were  as  follows : 

Sandarac:  Smoother  and  less  crystalline  than  with  no  addition 
agent. 

Rosin:  Smooth  and  adherent,  but  a  little  crystalline  on  the 
edges. 

Glue:  Excellent  deposit.  However,  the  glue  was  rapidly 
changed  by  the  hot  alkali,  and  the  products  formed  caused  poor 
deposits.  Further  additions  of  the  glue  were  then  of  no  value. 
Glue  would  have  been  a  satisfactory  addition  agent  if  it  did  not 
decompose. 

Oleic  acid:  Smooth,  adherent  deposit,  but  with  a  tendency  to 
become  crystalline  on  the  edges.  Previous  sulphonation  of  the 
oleic  acid  somewhat  improved  the  deposit. 

Gum  tragacanth:   Smooth,  slightly  crystalline. 

Manna:   Smooth,  slightly  crystalline. 

Aloin:   Non-adherent  and  crystalline. 

Sodium  sulphide,  or  sulphur,  or  sodium  sulphide  and  rosin: 
Crystalline  and  non-adherent. 

Balsam  copaiba:  Smooth,  adherent  deposit. 

The  balsam  copaiba  was  the  most  satisfactory  of  any,  and  rosin 
probably  ranked  next.  These  substances  produced  deposits  that 
were  sufficiently  adherent,  smooth  and  non-crystalline  for  com- 
mercial use. 

^  Percent   as   used   in   this   paper  means   grams   per    100  c.c.   of  bath. 
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DETERIORATION  OF  THE  BATH. 


The  balsam  copaiba  or  rosin  gave  good  deposits  in  new  baths, 
but  after  a  time  spongy  deposits  were  obtained.'  The  use  of  new 
portions  of  addition  agent  did  not  overcome  the  trouble.  The 
addition  of  more  sodium  stannite  corrected  the  trouble,  thus 
showing  that  the  concentration  of  stannous  salt  had  decreased. 
This  could  have  been  caused  either  by  the  oxidation  of  the  stan- 
nous salt  or  by  low  anode  corrosion.  Tests  with  a  coulometer  in 
series  with  the  baths  showed  that  only  76  to  78  percent  of  the 
theoretical  quantity  of  tin  dissolved  from  anodes  made  of  ordi- 
nary commercial  tin.  A  black,  hard  film  formed  on  the  anodes. 
The  addition  of  1  percent  sodium  cyanide  to  the  bath  lowered 
the  corrosion  of  the  anode  to  55  percent.  The  addition  of  sodium 
chloride  or  sodium  sulphate  had  no  efifect  on  the  corrosion.  This 
anode  trouble  was  corrected  by  using  amalgamated  anodes  made 
from  electrolytically  refined  tin ;  three  different  baths  showed 
anode  corrosion  efficiencies  of  101.5,  102  and  101.6  percent  re- 
spectively. However,  the  lives  of  the  baths  were  not  materially 
greater  with  the  pure  than  with  the  impure  anodes.  This  showed 
that  the  oxidation  of  the  stannous  salt  must  be  the  main  source  of 
the  trouble.  Analytical  determinations  of  the  stannous  salt  in 
some  baths  which  were  being  run  for  8  to  10  hours  in  each  24 
hours  showed  the  following  percentages  of  tin  : 


Time 

Anodes 

Amalgamated, 

Refined  Tin 

Anodes 

Commercial 

Tin 

At  Start 

2.59 

2.57 

25  hours 

2.07 

1.82 

99  hours 

0.11 

0.11 

In  one  experiment  the  addition  of  1  percent  sodium  cyanide 
somewhat  slowed  down  this  oxidation  of  the  stannous  salt,  which 
had  dropped  to  0.23  only  after  216  hours.  A  bath  without  addi- 
tion agent  or  electrolysis  or  heating  showed  a  similar  decrease 
in  stannous  salt,  only  the  rate  was  slower. 

Glycerine,  milk  sugar,  cane  sugar  and  alcohol  were  added  to 
separate  baths  with  the  idea  that  they  might  prevent  the  oxidation 
in  the  way  that  they  protect  sulphites  from  oxidation.    However, 

•The  rest  of  the  experiments  were  run  at  75°  to  90°  C.  (167°  to  194°  F.),  because 
the  higher  temperatures  gave  deposits  that  were  much  superior  to  those  ohtaiiiefl  at 
50°  C. 
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they  showed  no  beneficial  action,  and,  moreover,  hindered  the 
action  of  the  addition  agent.  Electrolysis  of  the  baths  with  small 
iron  cathodes  did  not  aid  in  regeneration.  Boiling  the  baths  with 
sulphites  did  not  regenerate  them.  No  variation  in  concentration 
or  composition  prevented  the  deterioration. 

SUMMARY. 

1.  Balsam  copaiba,  rosin  and,  to  a  lesser  extent,  other  similar 
organic  fatty  acids  or  acid-containing  substances  were  found  to 
be  successful  addition  agents  in  producing  smooth,  adherent  de- 
posits of  tin  from  sodium  stannite  baths. 

2.  The  composition  of  the  baths  was  6  percent^  (8  oz.  per  gal.) 
of  crystallized  stannous  chloride,  6  percent  (8  oz.  per  gal.)  sodium 
hydroxide  and  0.1  percent  (0.13  oz.  per  gal.)  of  the  addition 
^gent.  A  current  of  0.5  amp.  per  sq.  dec.  (4.7  amp.  per  sq.  ft.) 
and  a  temperature  of  75°  to  90°  C.(  167°  to  194°  F.)  were  used. 

3.  These  experiments  were  unsuccessful  in  that  the  sodium 
stannite  baths  gradually  oxidized  or  deteriorated  to  such  an  extent 
that  continued  satisfactory  deposits  could  not  be  obtained.  No 
method  of  regenerating  the  baths  was  found. 

4.  The  use  of  sodium  cyanide  in  these  baths,  as  is  frequently 
recommended,  was  of  no  advantage. 

5.  This  bath  is  not  recommended  for  tin  plating,  on  accoimt 
of  this  deterioration.  It  would  be  unreasonable  to  bother  with 
this  sodium  stannite  bath  when  one  can  use  the  stannous  sulphate 
bath,  which  gives  splendid  deposits  without  any  important 
difficulties. 

Indiana  University, 
Bloomington. 


DISCUSSION. 


F.  C.  Mathers  :  These  samples  of  tin  plating  show  the  effects 
of  addition  agents  in  baths  of  sodium  hydroxide  and  stannous 
chloride.  With  no  addition  agent,  this  cathode  deposit  is  very 
crystalline  and  worthless  as  a  protective  coating.     Many  of  the 
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loose  crystals  have  already  been  broken  off  by  handling.  These 
other  smooth  non-crystalline  deposits  were  made  from  baths 
containing  balsam  copaiba  and  rosin,  respectively,  as  addition 
agents.  No  indication  of  crystalline  structure  can  be  observed 
even  on  the  edges  and  corners.  In  general,  the  resins  and  fatty 
acids  are  beneficial  addition  agents.  The  great  difficulty  with 
these  baths  is  their  deterioration  during  operation  or  on  standing. 
A  precipitate  forms  and  the  amount  of  stannous  tin  decreases 
until  good  deposits  can  no  longer  be  obtained.  This  last  cathode 
shows  a  deposit  from  the  same  bath  after  standing  for  three 
weeks ;  a  bath  from  which  one  of  the  best  deposits  was  obtained. 
This  deposit  is  loose  and  entirely  bad.  We  found  no  method 
of  preventing  this  deterioration.  We  do  not  recommend  this 
bath  for  tin  plating  because  of  this  deterioration. 

G.  B.  HoGABOOM^ :  During  the  war  a  tin  solution  made  from 
tin  chloride  to  which  glucose  in  the  form  of  corn  sugar  was 
added  was  used  for  plating  booster  caps.  The  anode  corrosion 
was  not  efficient  enough,  and  it  was  necessary  to  add  a  saturated 
solution  of  tin  chloride.  The  deposit  was  heavy  enough  to  resist 
the  action  of  gases  used  in  gas  warfare. 

CouN  G.  Fink-  :  I  would  like  to  ask  Mr.  Hogaboom  how 
thick  are  the  deposits  he  refers  to?  When  talking  about  quality 
of  tin  deposits  I  think  it  is  always  well  to  mention  the  thickness 
of  these  deposits. 

G.  B.  Hogaboom  :  The  thickness  of  deposit  required  in  elec- 
troplating has  never  been  definitely  settled.  A  deposit  of  nickel 
0.0004  inch  (0.01  mm.)  thick  is  considered  a  good  plate  on  brass 
work.  The  thickness  of  the  deposit  is  determined  by  the  wear 
to  which  the  article  is  to  be  subjected  and  the  character  of  the 
object  deposited. 

J.  W.  Richards^  :  I  measured,  by  calculation  and  weight,  the 
thickness  of  a  copper  plating,  and  it  was  one  seventy -thousandth 
of  an  inch  (0.00036  mm.)  thick ;  it  was  a  fine  copper  deposit. 

F.  C.  Mathers:  I  am  sorry  that  the  practical  plater  finds  it 
necessary  to  produce  so  much  cheap  stuff  which  does  not  give 

^  Research  Electroplater,    Scovill   Mfg.   Co.,    Waterbury,   Conn. 
^  Head  of  Laboratories,  Chile   Exploration   Co.,   New  York  City. 
'  Professor  of   Metallurgy,   Lehigh  University,   Bethlehem,   Pa. 
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much  real  service.  I  think  this  statement  applies  to  much  of  the 
brass  plating.  Some  of  it  is  called  tenement  house  hardware. 
A  sample  of  this  work  in  our  museum  case  has  rusted  and 
changed  until  it  can  now  only  be  recognized  as  brass  plating  by 
its  identification  card.  This  failure  in  most  cases  is  due  to 
the  deposits  being  too  thin.  It  is  much  easier  to  produce  thin 
deposits  than  thick  ones.  Good-looking  thin  deposits  can  be 
obtained  from  many  baths,  but  good  thick  deposits  can  only 
be  gotten  from  exceptionally  good  baths.  I  do  not  consider  a 
bath  as  being  satisfactory  unless  good  thick  deposits  can  be 
obtained  from  it.  Some  baths  that  are  used  commercially  do 
not  come  up  to  this  standard. 

As  regards  the  continuous  operation  of  the  tin  bath  mentioned 
by  Mr.  Hogaboom,  I  do  not  consider  that  this  was  continuous 
operation  of  a  bath.  The  regular  addition  of  tin  salts  to  this 
bath  was  equivalent  to  the  preparation  of  a  series  of  new  baths. 
My  idea  of  a  good  bath  is  one  that  maintains  itself  for  a  long 
time  with  only  unimportant  changes. 

I  want  to  express  my  appreciation  of  the  very  great  help  which 
Mr.  Hogaboom  has  always  given  to  me  in  all  of  my  researches 
and  problems.  He  has  always  cheerfully  and  very  fully  answered 
all  of  my  questions.  On  the  other  hand,  it  would  help  much  if 
we  could  influence  him  to  write  some  of  his  great  fund  of 
information  in  papers  so  that  it  might  be  available  at  the  begin- 
ning of  the  researches.  Too  mvich  of  his  information  is  post 
mortem  so  far  as  the  research  itself  is  concerned. 

G.  B.  Hogaboom  :  I  would  like  to  defend  the  plater.  He 
does  not  control  the  thickness  of  deposited  metal.  When  an 
article  is  made  and  required  to  be  electro-plated  with  any  metal, 
the  manufacturer  states  the  thickness  of  the  deposit  required. 
This  is  determined,  to  a  great  measure,  by  the  standard  of  quality 
which  the  manufacturer  wishes  to  set  for  his  particular  line,  and 
also  upon  the  price  that  he  can  obtain  for  the  article.  In  other 
words,  the  price  is  generally  set  by  the  public  as  they  will  not 
pay  the  higher  price  for  many  of  the  articles  that  would  be 
necessary  if  a  very  heavy  deposit  was  put  on  the  work.  Another 
important  factor  is  the  design.     Many  articles  have  a  very  fine 
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line  design,  and  should  a  heavy  deposit  of  any  metal  be  put  upon 
such  an  article,  the  beauty  of  the  design  would  be  entirely  lost. 
The  work  for  college  laboratories  is  so  small  that  the  manufac- 
turer cannot  have  their  standards  as  his,  but  if  those  purchasing 
goods  for  the  college  laboratories  would  request  a  heavy  deposit 
and  state  to  what  conditions  the  article  is  to  be  subjected,  a  deposit 
heavy  enough  to  withstand  such  conditions  could  be  had. 

As  platers  we  are  ready  to  freely  give  of  our  knowledge.  I  am 
no  prophet,  nor  even  the  son  of  a  prophet,  and  therefore  cannot 
anticipate  anything  that  Professor  Mathers  might  be  going  to  do, 
and  should  he  try  to  bring  out  something  that  would  not  with- 
stand the  necessary  criticisms,  unfortunately  a  post  mortem 
would  be  necessary. 

W.  S.  Landis*  :  I  think  another  comment  might  be  made  on 
that ;  Mr.  Hogaboom  is  out  to  make  money,  the  usual  college  is 
not,  and  I  presume  if  we  compare  the  operation  of  most  colleges 
along  the  same  lines  as  we  operate  most  corporations,  we  could 
draw  that  lack  of  parallelism  to  a  much  greater  extent  than  con- 
cerns mere  electroplating. 

C.  P.  Madsen^  :  I  wish  to  comment  on  the  discussion  of  all 
of  the  coating  papers  presented  today.  It  seems  to  me  that  elec- 
tro-chemists and  practical  electro-platers  are  judging  these  papers 
from  two  different  points  of  view. 

I  can  state  from  experience  that  these  points  of  view  can  be 
reconciled,  and  that  it  is  profitable  to  do  so.  In  order  to  do 
this  we  should  first  realize  that  coatings  may  clearly  be  divided 
into  two  classes:  decorative  and  protective.  It  is  true  that  all 
decorative  coatings  would  be  more  useful  and  desirable  if  they 
could  also  be  made  protective,  but  electro-chemists  make  a  mis- 
take, I  think,  in  assuming  that  because  a  metal  coating  is  not 
protective,  it  is  therefore  not  useful.  Many  very  beautiful  deco- 
rative coatings  on  indoor  objects  are  made  by  platers,  and  I  think 
it  would  be  profitable  for  any  electro-chemist  to  study  the  com- 
mercial importance  of  this  art  before  he  makes  comments  on 
the  desirability  of  a  proposed  coating  process  which  is  decorative 
but  not  protective. 

*  American  Cyanamid  Co.,   New  York  City. 
'  Consulting  Engineer,   New  York   City. 
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On  the  other  hand,  however,  I  also  think  that  electro-platers 
make  a  mistake  in  minimizing  the  value  of  electro-chemists  in 
trying  to  develop  means  for  making  all  coatings  protective  as 
well  as  decorative.  To  contend  that  the  development  of  a  stable 
process  for  making  brass  coatings  which  are  only  decorative  is 
not  worth  while,  is  a  mistake ;  although  platers  should  equally 
admit  that  it  would  be  more  desirable  if  such  a  process  could 
also  make  a  protective  coating.  I  therefore  think,  in  view  of  the 
fact  that  it  has  been  well-known  how  to  make  decorative  coatings 
of  tin,  that  Dr.  Mathers'  efforts  to  develop  a  method  for  making 
protective  ones  are  well  worth  while.  I  furthermore  agree  with 
Dr.  Mathers  that  only  an  electro-deposition  process  which  will 
deposit  up  to  l/16th  inch  (1.6  mm.)  thick  or  more  of  metal 
without  disturbing  the  balance  of  the  bath  can  be  depended  upon 
for  making  truly  protective  coatings. 
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THE  ELECTROLYTIC  REFINING  OF  TIN.^ 

By  Edward  F.   Kern.- 

A  number  of  different  electrolytes  have  been  proposed  for  use 
in  the  electrolytic  refining  of  tin.  References  which  were  found 
in  the  literature  and  in  patent  applications  are  the  following: 

1.  Brand  used  an  electrolyte  containing  9  percent  by  weight 
of  stannous  chloride,  and  2.5  percent  by  volume  of  concentrated 
hydrochloric  acid.  This  electrolyte  did  not  find  commercial  appli- 
cation, due  to  the  crystalline  cathode  deposit.  (Schnabel-Louis, 
Vol.  II,  549;  Dammer,  Chem.  Technology,  II,  27  and  324.) 

2.  French  patent  No.  435,936  was  granted  Michaud  and 
Delasson  for  an  electrolyte  of  tin  prepared  by  dissolving  stannous 
chloride  in  water,  adding  sulphuric  acid  until  the  precipitated 
oxy-chloride  dissolved,  and  then  adding  1  percent  magnesium 
chloride  and  1  percent  of  boric  acid.  The  tin  deposits  as  crystals 
from  this  electrolyte.     (Jl.  Soc.  of  Chem.  Ind.  (1912),  31,  395.) 

3.  Mention  is  made  that  "beautiful,  dense  cathode  deposits  of 
tin  can  be  produced  from  electrolytes  of  sodium-stannous  chloride, 
with  low  current  density  and  at  ordinary  temperature."  (Bull. 
Soc.  d'Enc.  L'Ind.  Nat.,  July,  1912,  28.) 

4.  Quintaine  was  granted  English  patent  No.  5,496  for  use 
of  an  electrolyte  of  tin  chloride  and  an  ammoniacal  salt  (prefer- 
ably ammonium  chloride),  for  use  in  refining  tin.  Low  current 
density  is  necessary  for  solid  deposits.  (Jl.  Soc.  Chem.  Ind. 
(1900),  19,  1121,  and  Mineral  Industry,  9,  649.) 

5.  Hollard  claimed  to  have  prevented  the  formation  of  spongy 
deposit  of  tin  by  using  an  electrolyte  containing  12  g.  sodium 
stannate  (NagSnOg)  and  200  g.  sodium  sulphate  per  liter,  and 
electrolyzing  at  temperature  of  80°   C.   with  current  density  of 

'  Manuscript  received  August  13,   1920. 

*  Assistant   Professor   of   Metallurgy,   Columbia    University. 
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2  amp.  per  sq.  ft.   (0.22  amp.  per  sq.  dm.).     (Bull.  Soc.  d'Enc. 
L'Ind.  Nat.,  July,  1912,  28.) 

6.  Fischer  obtained  "satisfactory  cathode  deposits  of  tin  from 
an  electrolyte  of  ammonium  sulphostannate  to  which  was  added 
sodium  sulphite,  sodium  hyposulphite,  or  potassium  cyanide." 
(Zeit.  Anorg.  Chem.  (1904),  42,  363.) 

7.  Neumann  received  German  patent  No.  198,289  for  process 
of  producing  pure,  dense  cathode  deposits  of  tin  by  use  of  an 
electrolyte  of  an  alkaline  sulphostannate,  and  electrolyzing  at 
about  70°  C.  The  presence  of  free  alkali  is  claimed  to  be  bene- 
ficial. 

8.  Claus  used  an  electrolyte  of  sodium  sulphostannate,  sp. 
gr.  1.07,  for  refining  tin.  The  electrolysis  was  conducted  at 
90°  C.  and  with  current  density  of  10  amp.  per  sq.  ft.  (1.1  amp. 
per  sq.  dm.).  All  the  impurities  except  arsenic  and  antimony 
collected  as  sulphides  in  the  anode  residue ;  they  were  deposited 
with  the  tin.  He  found  that  by  using  an  electrolyte  of  sodium 
thiosulphate,  made  acid  with  hydrochloric  acid,  the  arsenic  and 
antimony  would  remain  as  sulphides  in  the  anode  residue. 
(Schnabel-Louis  "Handbook  of  Metallurgy"  (1907),  Ed.  IT.  549: 
Elektrochem.  Zeit.,  8,  168.)   • 

9.  O.  Steiner  was  granted  U.  S.  patent  No.  890,249,  German 
patent  No.  193,528,  English  patent  No.  10,230,  and  French  patent 
No.  374,116,  for  use  of  an  electrolyte  containing  10  percent  by 
weight  of  an  alkaline  sulphide  to  which  is  added  1  percent  by 
weight  of  flowers  of  sulphur.  By  electrolyzing  at  90°  C,  with 
current  density  of  4.5  amp.  per  sq.  ft.  (0.5  amp.  per  sq.  dm.), 
and  potential  drop  below  0.2  volt  tin  was  dissolved,  after  which 
he  obtained  dense,  smooth  cathode  deposits  of  tin  of  high  purity 
(-f-  99.9  percent).  The  amount  of  tin  in  the  electrolyte  reached 
a  maximum  of  about  2.2  percent  by  weight,  and  remained  con- 
stant so  long  as  the  sodium  sulphide  was  kept  constant.  (Elek- 
trochem. Zeit.,  May,  1908;  Jl.  Soc.  Chem.  Ind.  (1907),  26,  768: 
Electrochem.  and  Met.  Ind.  (1907),  5,  309.) 

10.  Sperry  was  granted  U.  S.  patent  No.  874,707  for  process 
of  refining  tin  in  a  diaphragm  cell  containing  an  electrolyte  con- 
sisting of  either  sulphate,  chloride,  fluoride,  ammonium  acetate, 
ammonium  sulphide,  or  hydrofluoric  acid.    The  impurities  which 
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accumulate  in  the  electrolyte  to  be  removed  periodically  by  with- 
drawal of  a  portion  of  electrolyte  and  replacing  by  pure  solution. 
(Jl.  Soc.  Chem.  Ind.,  27,  343 ;  Electrochem.  and  Met.  Ind.  (1908), 

6,  7(>.) 

11.  Mennicke  used  an  electrolyte  of  tin  fiuosilicate  from  which 
the  tin  was  deposited  as  solid  mass,  similar  to  lead  from  fiuosili- 
cate electrolytes.  The  electrolyte  contained  10  g.  tin  and  10  g. 
free  fluosilicic  acid  per  100  c.c.  solution.  Current  density  of  10 
amp.  per  sq.  ft.  (IJ  amp.  per  sq.  dm.),  and  average  potential 
drop  of  0.4  volt  with  electrolyte  at  20°  C.  Presence  of  lead  in 
the  anodes  finally  caused  the  cathode  tin  to  deposit  spongy.  Men- 
nicke was  granted  U.  S.  patents  Nos.  779,091  and  779,092  for 
process  of  refining  tin  in  fiuosilicate  electrolyte.  (Electrochem. 
Zeit.  (1915),  12,  112,  135,  161  and  180;  Zeitschrift  fiir  Electro- 
chemie,  12,  112;  Electrochem.  and  Met.  Ind.,  4,  26;  Mineral  In- 
dustry, 14,  555.) 

ORGANIC   ADDITION    AGENTS   IN    TIN    ELECTROLYTES. 

12.  HoUis  was  granted  U.  S.  patent  No.  916,155  for  refining 
of  tin  by  the  use  of  tin  fiuosilicate  electrolyte  to  which  gelatine 
or  glue  has  been  added  for  the  purpose  of  increasing  the  density 
of  the  cathode  deposit.  Mennicke  was  granted  U.  S.  patents 
Nos.  779,091  and  779,092  for  tin  fiuosilicate  electrolyte  without 
addition  agent.     See  11.     (Electrochem.  and  Met.  Ind.   (1909), 

7,  224.) 

13.  German  patent  No.  244,567  to  Matuschek  is  for  the  use 
of  a  concentrated  electrolyte  of  ammonium  oxalate  saturated  with 
tin  ammonium  chloride  (SnCL.2NH4Cl)  and  an  addition  of 
black  oak  tannin  (quercitrinic  acid).  (Metallurgie  (1912),  9; 
Jl.  Soc.  Chem.  Ind.  (1912),  31,  440;  Zeit.  fiir  Elektrochemie 
(1912),  18,  790.) 

14.  Steiner  found  that  when  he  added  a  colloid  (gelatine)  to 
sodium  sulphostannate  electrolyte  for  the  refining  of  tin,  the 
cathode  deposit  was  much  improved.     (See  9.) 

15.  Kern  and  Frapwell  conducted  a  series  of  experiments  on 
the  effect  of  certain  organic  addition  agents  in  electrolytes  of 
sodium-stannous  chloride,  stannous  fluoride,  and  sodium-stannous 
fluoride  (Trans.  Amer.  Electrochem.  Soc.  (1913),  23,  228-232)  ; 
the  results  were  as  follows : 
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a.  Sodium-stannous  chloride  electrolytes  contained  8  g.  of  tin 
and  5  g.  of  sodium  as  chlorides  per  100  c.c.  Electrolysis  at  ordi- 
nary temperature  with  current  density  of  10  amp.  per  sq.  ft. 
(1.1  amp.  per  sq.  dm.)  and  potential  drop  of  about  0.1  volt  when 
electrodes  about  1.25  inch  (3.2  cm.)  apart.  When  no  addition 
agent  was  present,  the  deposit  formed  as  a  mass  of  bright  needle 
crystals,  which  soon  short-circuited  the  electrodes.  Three  addi- 
tion agents  were  tried :  gum  arabic,  tannin  and  gelatine,  each 
added  as  aqueous  solution.  The  presence  of  gum  arabic,  in  pro- 
portion of  1  g.  in  800  to  1,200  c.c.  electrolyte,  gave  best  results, 
causing  the  cathode  deposit  to  form  as  small,  bright,  adherent 
crystals,  which  did  not  short-circuit  the  electrodes.  The  addition 
of  tannin  and  of  gelatine  caused  the  formation  of  a  white,  col- 
loidal precipitate  in  the  electrolyte,  which  did  not  dissolve;  the 
presence  of  either  of  these  addition  agents  in  the  proportion  of 
1  g.  in  500  to  1,500  c.c.  of  the  electrolyte  caused  the  deposit  to 
form  as  smaller,  bright,  needle  crystals,  not  very  adherent, 
whereas  when  not  present  the  deposit  formed  as  large,  bright 
needles.    The  tannin  was  slightly  better  than  gelatine. 

b.  Stannous  fluoride  electrolyte  contained  8  g.  of  tin  as  stan- 
nous fluoride  per  100  c.c.  Electrolysis  at  10  amp.  per  sq.  ft. 
(1.1  amp.  per  sq.  dm.)  at  ordinary  temperature,  and  potential 
drop  of  about  0.15  volt  between  electrodes.  With  no  addition 
agent  present,  the  deposit  formed  as  a  mass  of  loosely  adherent, 
sparkling,  dendritic  needles,  which  soon  short-circuited  the  elec- 
trodes. Eight  addition  agents  were  tried:  tannin,  gum  arabic, 
resorcin,  gelatine,  glucose,  grape  sugar,  saccharine  and  glycerine, 
which  were  added  as  aqueous  solutions.  Tannin  was  found  to 
be  the  best  addition  agent  for  this  solution:  1  g.  per  1,500  c.c. 
electrolyte  caused  the  cathode  deposit  to  form  as  an  adherent, 
dense,  fine,  crystalline  mass.  Gum  arabic  and  resorcin  were  less 
effective  than  tannin.  Gelatine,  glucose,  grape-sugar,  saccharine 
and  glycerine  did  not  have  much  effect. 

c.  Sodium-stannous  fluoride  electrolyte  contained  8  g.  of  tin 
and  5  g.  of  sodium  as  fluorides.  The  electrolysis  was  condvtcted 
with  current  density  of  10  amp.  per  sq.  ft.  (1.1  amp.  per  sq. 
dm.),  and  potential  drop  of  about  0.23  volt  between  electrodes, 
at  ordinary  temperature.  The  same  additions  were  tried,  as  those 
used  for  the  stannous  fluoride  electrolytes  (&).    Tannin  was  most 
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satisfactory  when  added  in  proportion  of  1  g.  per  2,000  c.c.  of 
electrolyte,  which  caused  the  cathode  deposit  to  form  as  a  smooth, 
crystalline  and  firmly  adherent  coating.  Gelatine  in  proportion 
of  1  g.  per  1,000  c.c.  electrolyte  almost  as  effective  as  tannin. 
Gum  arabic  in  proportion  of  1  g.  per  1,500  c.c.  electrolyte  and 
resorcin  in  proportion  of  1  g.  per  750  c.c.  electrolyte  caused  the 
tin  to  deposit  as  adherent  small  crystals.  Glucose,  grape-sugar, 
saccharine  and  glycerine  had  very  little  effect  upon  the  deposition 
of  the  cathode  tin. 

16.  Mathers  and  Cockrum  ran  a  series  of  experiments  on  the 
effect  of  the  presence  of  organic  addition  agents  in  electrolytes  of 
tin  salts  of  mineral  acids.  The  research  involved  179  various 
combinations  of  conditions  and  compositions  of  electrolytes,  but 
in  no  case  was  an  entirely  satisfactory  cathode  deposit  produced. 
The  baths  contained  4  g.  of  tin  per  100  c.c.  in  solution  as  stannous 
chloride,  stannous  fluoride,  stannous  perchlorate,  stannous  fluo- 
borate,  and  stannic  chloride,  and  about  1  g.  of  free  acid  per  100 
c.c.  The  addition  agents  tested  were:  Clove  oil,  peptone,  gela- 
tine, glue,  phloridizin,  Barbadoes  aloes,  sandalwood  oil,  residue 
from  Curacao  aloes,  tannic  acid,  levulose,  eucalyptus  oil,  catechu, 
benzoic  acid,  caffeine,  pyrogallol,  formin,  licorice  extract,  oxalic 
acid,  saHcin,  saponin,  podophyllin,  jalapin,  digitalin,  morphine, 
and  gum  arabic;  0.05  to  0.5  percent  of  each  of  these  was  added 
to  the  respective  electrolytes,  and  their  effect  upon  the  cathode 
deposit  noted.  The  current  density  was  0.4  amp.  per  sq.  dm  (3.72 
amp.  per  sq.  ft.),  and  ordinary  temperature.  Temperature  of 
electrolyte  at  80°  C.  did  not  materially  improve  the  deposits.  The 
best  deposits  were  obtained  at  room  temperature  from  stannous 
fluoborate  electrolyte  saturated  with  clove  oil,  or  containing  0.1 
percent  of  digitalin ;  and  from  stannous  perchlorate  electrolyte 
containing  0.1  percent  phloridizin.  These  deposits  were  firm  and 
free  from  loose  trees  or  projections,  but  they  were  very  crystal- 
line. The  authors  stated  that  no  combination  of  the  salts,  addi- 
tion agents  and  conditions  that  were  tried  in  their  work  will  give 
a  good  tin-plating  or  refining-bath.  (Trans.  Amer.  Electrochem. 
Soc.  (1914),  26,  133.) 

17.  Kern  and  Chen  conducted  experiments  on  the  electrolytic 
refining  of  impure  tin  bullion,  using  electrolytes  of  stannous 
chloride,  magnesium-stannous  chloride,  sodium-stannous  fluoride. 
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Stannous  fluosilicate,  and  a  mixture  of  stannous  fluoride  and  stan- 
nous fluosilicate.  Each  of  these  solutions  was  prepared  to  con- 
tain 5  g.  of  tin  per  100  c.c.  The  anodes  contained  96  percent  tin, 
0.5  percent  iron,  0.1  percent  arsenic,  0.2  percent  antimony,  2.0 
percent  lead,  0.6  percent  copper,  0.1  percent  bismuth,  and  0.5 
percent  silver.  The  cathodes  were  sheets  of  pure  tin.  The  elec- 
trolysis was  conducted  with  current  density  of  12  and  24  amp. 
per  sq.  ft.  (1.3  and  2.6  amp.  per  sq.  dm.)  and  at  20°  C.  Distance 
between  electrodes  was  1.75  inches  (4.4  cm.). 

With  no  addition  agents  present  the  best  cathode  deposits  were 
formed  from  the  sodium-stannous  chloride  and  magnesium-stan- 
nous  chloride  electrolytes ;  the  cathode  deposits  formed  from  am- 
monium-stannous  chloride  were  not  quite  so  good,  but  were  better 
than  those  formed  from  electrolytes  of  stannous  chloride,  sodium- 
stannous  fluoride,  and  stannous  fluosilicate. 

The  electrolytes  which  were  selected  to  be  tried  with  presence 
of  addition  agents  were :  Stannous  chloride  containing  5  g,  of  tin 
and  2.5  g.  of  free  hydrochloric  acid  per  100  c.c. ;  sodium-stannous 
chloride  containing  5  g.  of  tin  as  SnCl2.2NaCl  and  2.5  g,  of  excess 
NaCl  per  100  c.c. ;  ammonium-stannous  chloride  containing  5  g. 
of  tin  as  SnCl2.2NH4Cl  per  100  c.c;  stannous  fluosilicate  con- 
taining 5  g.  of  tin  as  SnSiFg  and  7.5  g.  of  free  HaSiF,  per  100 
c.c. ;  and  stannous  fluosilicate  containing  5  g.  of  tin  as  SnSiFg, 
6  g.  free  HpSiFg,  and  4  g.  free  HF  per  100  c.c.  The  addition 
agents  tried  were  aloin,  gelatine,  peptone  (from  meat),  quinoline, 
clove  oil,  and  boric  acid ;  water  was  used  as  solvent  for  aloin, 
gelatine  and  peptone ;  alcohol  was  used  for  making  solutions  of 
quinoline  and  clove  oil;  boric  acid  was  added  dry.  The  effect 
of  the  addition  agents  was  to  restrain  the  formation  of  non- 
adherent cathode  deposits  of  needles,  spangles  and  dendrites. 

Stannous  fluosilicate  electrolytes  were  found  to  be  the  best. 
The  presence  of  free  HaSiFg  and  free  HF  was  found  to  be  bene- 
ficial: 1  g.  aloin  per  500  c.c.  of  electrolyte  caused  best  cathode 
deposits  to  form ;  1  g.  gelatine  per  500  c.c.  of  electrolyte  caused 
formation  of  satisfactory  deposits;  1  g.  peptone  per  1,000  c.c. 
electrolyte  also  produced  satisfactory  deposits. 

The  deposits  of  tin  formed  in  sodium-stannous  chloride,  ammo- 
nium-stannous chloride,  and  stannous  chloride  electrolytes  were 
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all  similar ;  1  g.  peptone  per  500  c.c.  of  each  of  these  electrolytes 
caused  formation  of  satisfactory  cathode  deposits. 

The  potential  drop  between  the  anodes  and  cathodes,  when  1  25 
inch  apart,  ranged  from  0.1  to  0.2  volt  in  all  cases.  The  presence 
of  the  addition  agents  which  proved  effective  in  restraining  for- 
mation of  non-adherent  crystals  in  the  cathode  caused  a  rise  in 
th€  potential  drop  of  approximately  0.01  to  0.03  volt.  (Trans. 
Amer.  Electrochem  Soc.  (1918),  33,  155-168.) 

EPITOME. 

Conditions  which  are  necessary  for  the  electrolytic  refining  of 
tin  and  for  the  formation  of  solid  adherent  cathode  deposits  are : 

(o)  Electrolyte  made  of  a  tin  salt  which  is  very  soluble ;  in 
most  cases  the  presence  of  free  acid  is  beneficial. 

(b)  Pure  electrolyte  with  respect  to  metals  which  stand  below 
tin  in  the  E.M.F.  and  solution-pressure  series.  Electrolyte  must 
not  be  too  acid  nor  too  alkaline. 

(c)  Not  too  low  tin  content  of  electrolyte  with  relation  to 
current  density;  the  higher  the  current  density  used  the  higher 
must  be  the  tin  content  of  the  electrolyte. 

(d)  Circulation  of  the  electrolyte  at  such  a  rate  that  segrega- 
tion and  polarization  are  prevented. 

{e)  Warm  electrolytes  produce,  as  a  rule,  the  most  satisfactory 
cathode  deposits,  and  also  cause  more  even  corrosion  of  the  anode. 
The  potential  drop  in  warm  electrolytes  is  lower  than  in  cold  elec- 
trolytes. 

(/)  Presence  of  suitable  addition  agents  prevents  the  tin  de- 
positing on  the  cathode  as  non-adherent  crystals.  The  effect  of 
the  addition  agent,  when  properly  selected,  is  to  cause  the  cathode 
deposit  to  be  smoother,  denser,  more  adherent,  and  purer ;  but 
when  not  properly  selected  the  opposite  effect  results. 

EXPERIMENTAL   PART. 

The  experiments  and  tests  which  are  reported  in  Tables  I  to 
VIII,  inclusive,  were  made  by  Mr.  B.  C.  Tsen,  in  the  Electro- 
metallurgical  Laboratory  of  the  School  of  Mines  of  Columbia 
University.  The  electrolytes  which  were  selected  for  trial  are 
the  following: 
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(A)  Stannous-sodium  chloride  electrolyte,  which  contained  6  g. 
of  tin' as  SnCl2.2NaCl  and  2.5  g.  of  sodium  chloride  in  excess 
per  100  c.c.  This  solution  was  prepared  by  taking  calculated 
amounts  of  stannous  chloride  and  sodium  chloride,  dissolving 
them  in  the  required  quantity  of  water,  and  filtering. 

(B)  Stannous  fluoborate  electrolyte,  which  contained  6  g.  of 
tin  as  Sn(BF4)2  and  5  g.  free  HBF^  per  100  c.c.  It  was  pre- 
pared by  taking  a  calculated  amount  of  Baker's  hydrofluoric  acid 
(containing  48  g.  HF  per  100  c.c),  placing  it  in  a  copper  vessel, 
and  slowly  adding  a  calculated  amount  of  boric  acid,  according 
to  4HF  +  H3BO3  =  HBF4  -f  3H„0.  The  reaction  liberates 
considerable  heat,  so  care  was  required  in  preparing  the  fluoboric 
acid,  in  order  to  prevent  loss  of  the  HBF^  by  volatilization,  and 
also  to  prevent  personal  injury  by  the  hydrofluoric  acid  vapors. 
After  the  fluoboric  acid  had  cooled,  a  calculated  amount  of  copper 
carbonate  (equivalent  to  the  amount  of  tin  required)  was  added, 
forming  copper  fluoborate.  The  copper  was  then  precipitated 
by  means  of  granulated  pure  tin  forming  stannous  fluoborate. 
The  solution  was  diluted  to  contain  the  required  amount  of  tin, 
and  the  acid  content  adjusted  by  addition  of  fluoboric  acid. 

(C)  Stannous  naphthalene-sulphonate  electrolyte,  which  con- 
tained 6  g.  tin  and  about  10  g.  of  free  naphthalene-sulphonic  acid 
per  100  c.c.  The  solution  was  prepared  by  placing  a  weighed 
amount  of  naphthalene  in  a  flask  and  adding  10  percent  excess 
of  sulphuric  acid  (sp.  gr.  1.84),  according  to: 

QoHs  4-  H^SO,  =  (CioH,)SO,.H  +  HA 

The  mixture  was  kept  at  90°  to  95°  C.  for  10  hours,  allowed  to 
cool,  then  poured  into  three  volumes  of  cold  water.  Filtered  oflf 
the  remaining  naphthalene  crystals,  leaving  a  solution  of  naph- 
thalene-sulphonic acid  containing  a  small  amount  of  sulphuric 
acid.  The  tin  naphthalene-sulphonate  electrolytes  were  prepared 
in  two  ways :  One  way  was  by  electrolyzing  the  solution,  using 
pure  tin  anodes  and  cathodes,  producing  solution  Ca.  The  cathode 
area  was  one-third  that  of  the  anode,  which  with  6  amp.  per  sq.  ft. 
(0.66  amp.  per  sq.  dm.)  of  anode  gave  18  amp.  per  sq.  ft.  (2 
amp.  per  sq.  dm.)  of  cathode.  Under  this  condition  tin  was  dis- 
solved from  the  anodes  more  rapidly  than  it  was  deposited  on 
the  cathodes,  as  with  the  higher  cathode  current  density  a  large 
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amount  of  hydrogen  was  also  liberated.  After  about  36  hours' 
continuous  electrolysis  a  very  small  amount  of  hydrogen  was 
liberated.  The  tin  was  deposited  as  non-adherent  crystals,  and 
periodically  removed  from  the  cell  so  as  to  prevent  short-circuit- 
ing the  electrodes.  The  solution  was  filtered  before  using  for 
the  tests.  The  better  and  more  rapid  way  of  preparing  tin  naph- 
thalene-sulphonate  electrolyte  was  by  adding  a  calculated  amount 
of  copper  carbonate  to  the  naphthalene-sulphonate  solution,  form- 
ing copper  naphthalene-sulphonate  (Cu(S03.CioH-)2).  The 
copper  was  then  replaced  by  tin  by  adding  granulated  pure  metal- 
lic tin  to  the  solution,  completely  precipitating  the  copper  and 
forming  tin  naphthalene-sulphonate  (Sn(S03.CioH^)2)  ;  this 
solution  is  designated  as  solution  Cb. 

{D)  Three  stannous  sulphate  electrolytes  containing  6  g.  of 
tin,  and  2.5  g.,  5  g.  and  7  g.  free  sulphuric  acid  per  100  c.c.  These 
three  solutions,  designated  as  solutions  Da,  Db  and  Dc,  were 
prepared  by  dissolving  a  calculated  amount  of  copper  sulphate 
in  the  required  volume  of  water,  adding  the  respective  amounts 
of  sulphuric  acid,  and  then  replacing  the  copper  by  means  of 
granulated  pure  metallic  tin.  The  copper  was  completely  pre- 
cipitated, giving  pure  solutions  of  stannous  sulphate.  The  three 
solutions  were  filtered  and  used  for  the  tests. 

The  anodes  contained  95  percent  tin,  3  percent  bismuth,  0.5 
percent  lead,  0.5  percent  antimony,  and  0.5  percent  silver;  size 
2.25  inches  (5.7  cm.)  wide,  3.5  inches  (9  cm.)  long,  and  0.25 
inch  (0.6  cm.)  thick.  The  cathodes  were  sheets  of  pure  tin  made 
by  pouring  the  molten  metal  over  the  surface  of  an  iron  plate  set 
at  an  angle  of  about  20  degrees.  The  cathodes  were  about  1/16 
inch  (0.16  cm.)  thick  and  of  approximately  same  width  and 
length  as  the  anodes.  About  300  c.c.  of  electrolyte  was  used  for 
each  test  and  the  electrolysis  conducted  with  current  density  of 
16  amp.  per  sq.  ft.  (1.8  amp.  per  sq.  dm.).  Distance  between 
electrodes  1.75  inches  (4.4  cm.).  Temperatures  of  electrolyte 
were  20°  C.  and  40°  C. 

The  addition  agents  tried  were  peptone  (from  meat),  gelatine, 
aloin  and  engine-oil.  The  peptone,  gelatine  and  aloin  were  added 
as  aqueous  solutions ;  and  the  engine-oil  as  an  emulsion  prepared 
by  bubbling  steam  into  a  small  amount  of  the  oil,  the  excess  oil 
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was  removed  and  the  white  emulsion  used.     The  results  of  the 
test  are  given  in  Tables  I  to  VIII,  inclusive. 

In  order  to  determine  whether  tin  would  be  dissolved  when  the 
electrodes  were  allowed  to  remain  in  sulphate  electrolytes  and 
when  no  current  is  passing  a  strip  of  tin  weighing  22.91  g.  was 
suspended   for   24   hours  in   sulphuric  acid   solution   containing 


^W^vl^ 


a. 


6, 


Cathodes   1,   2,  3,  4,   5,  and   6  were  produced  in  electrolytes  containing   1   g. 
gelatine  and  8  g.  oil  emulsion  per   1000  c.c. 

SOLUTIONS     IN     WHICH     PRODUCED.    CATHODE     WHICH     REPORTED     IN: 

Sodium-stannous  chloride    (/4.)  Table   II   as   Test   No.    12. 


CATHODES. 

1. 
2. 
3. 
4. 
5. 
6. 


Stannous  fluoborate    (B.) 

Naphthalene-sulphonate   (Cb.) 

Stannous   sulphate    (Da.) 

(Db.) 

(Dc.) 


Ill 

IV 

V 

VI 

VII 


12. 
12. 
12. 
12. 
12. 


approximately  9  g.  H0SO4  per  100  c.c.  The  loss  in  weight  was 
0.04  g.,  showing  that  tin  is  only  slightly  attacked  by  dilute  sul- 
phuric acid.  Former  experiments  showed  that  fluoboric  acid  solu- 
tions do  not  dissolve  metallic  tin. 

The  photographs  show  the  kinds  of  deposits  which  are  formed 
in  the  different  solutions.  These  are  of  cathodes  which  were  in 
electrolytes  containing  1  g.  of  peptone  plus  8  g.  oil  emulsion  per 
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1,000  c.c.  solution,  and  1  g.  gelatine  plus  8  g.  oil  emulsion  per 
1.000  c.c.  solution.    Temperature  of  electrolytes  was  40°  C. 

Several  current  efficiency  tests  were  made  so  as  to  show  the 
effect  of  the  formation  of  solid  cathode  deposits  upon  the  current 
efficiency ;  or  else  the  effect  of  the  addition  agent  and  of  the  elec- 
trolyte upon  the  current  efficiency.    Low  current  efficiencies  result 


Fig.  2.     Cail.L.acs 


CATHODES. 
7. 


S.   9,   10.   11    and    12   were   produced  in   electrolytes  containing   1   g. 
pejitone  and  8  g.  oil  emulsion   per   1000  c.c. 

SOLUTIONS     IN     WHICH     PRODUCED.    CATHODE     WHiCH    REPORTED    IN: 

Sodium-stannous  chloride    (.A.)  Table   II   as  Test   No.   11. 


9. 
10. 
11. 

12. 


Stannous  fluoborate   (B.) 

Naphthalene-sulphonate    <Cb.) 

Stannous  sulphate    (.Da.) 

(Db.) 

(Do 


III 

IV 

V 

VI 

VII 


when  rough,  non-adherent  or  long,  crystalline  deposits  are 
formed.  The  higher  current  efficiencies  are  when  the  smoothest, 
most  dense,  and  most  adherent  cathode  deposits  are  formed  (see 
Table  VIII).  A  copper  coulometer  was  in  circuit  with  the 
cells  containing  the  tin  electrolytes.  The  values  used  for  making 
the  calculations  were  1.1858  g.  copper  and  2.2142  g.  tin  per 
ampere-hour. 
11 
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SUMMARY  OF  RESULTS. 

No  Addition  Agents  Present:  The  best  cathode  deposits  which 
were  formed  in  electrolytes,  which  contained  no  addition  agents, 
were  those  from  stannous  sulphate  solution  containing  6  g,  tin 
and  7  g.  of  sulphuric  acid  per  100  c.c.  (Solution  Dc).  The  de- 
posits formed  in  stannous  naphthalene-sulphonate  electrolytes 
(Solution  Cb),  which  was  made  by  replacing  copper  by  tin,  were 
second  best ;  and  the  deposits  from  stannous-sodium  chloride  elec- 
trolyte (Solution  A)  and  from  stannous  fluoborate  electrolyte 
(Solution  B)  were  third  best.  In  no  case  were  adherent,  smooth 
cathode  deposits  formed,  with  no  addition  agent  present. 

All  of  the  electrolytes  except  stannous  sulphate  containing  2.5 
g.  free  sulphuric  acid  per  100  c.c.  (Solution  Da)  remained  clear 
on  standing:  this  solution  became  turbid,  and  after  several  days 
a  white  precipitate  settled  out. 

As  the  cathode  deposits  formed  from  stannous  naphthalene- 
sulphonate  electrolyte,  solution  Ca  (which  was  prepared  by  elec- 
trolysis), were  less  satisfactory  than  those  formed  from  the  stan- 
nous naphthalene-sulphonate  electrolyte,  solution  Cb  (which  was 
made  from  the  corresponding  copper  solution  by  replacement  with 
tin),  solution  Ca  was  omitted  from  the. tests  which  were  run  with 
the  presence  of  addition  agents. 

Addition  Agents  Present:  In  order  to  produce  satisfactory 
cathode  deposits  of  tin  in  the  electrolytic  refining  of  tin,  it  seems 
to  be  necessary  to  add  suitable  addition  agents  to  the  electrolyte. 
In  the  tests  which  are  reported  in  Tables  I  to  VIII,  inclusive,  it 
was  found  that  the  presence  of  peptone  and  of  gelatine,  were 
beneficial ;  the  presence  of  aloin  was  beneficial  only  with  the  fluo- 
borate electrolytes  when  present  in  proportion  of  1  g.  per  1,000 
c.c.  solution.  The  most  satisfactory  cathode  deposits  were  formed 
in  the  stannous  fluoborate  and  in  the  stannous  sulphate  electro- 
lytes when  gelatine  or  peptone  were  present  in  the  proportion  of 
1  g.  per  500  to  1,000  c.c.  of  electrolyte.  In  the  case  of  the  sul- 
phate electrolyte,  the  best  cathode  deposits  were  formed  when  the 
solutions  contained  5  or  7  g.  free  H.SO4  per  100  c.c. ;  more  than 
2.5  g.  free  H2SO4  per  100  c.c.  solution  seems  to  be  necessary.  The 
presence  of  free  acid  over  2.5  g.  per  100  c.c.  keeps  the  solution 
clear,  and  prevents  the  precipitation  of  basic  salts,  which  if 
allowed  to  collect  on  the  cathode  deposit  causes  the  tin  to  form 
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non-adherent  and  as  large  crystals.  The  cathode  deposits  formed 
from  the  stannous  sulphate  electrolyte  containing  5  and  7  g.  free 
H2SO4  per  100  c.c.  were  as  satisfactory  as  those  formed  from 
stannous  fluoborate  electrolyte. 

When  dilute  aqueous  solutions  of  addition  agents  were  added 
to  the  electrolytes,  slight  turbidity  resulted,  with  exception  of  the 
fluoborate  and  the  naphthalene-sulphonate  electrolytes.  The 
greatest  turbidity  formed  in  the  chloride  electrolyte  and  in  the 
sulphate  electrolyte  containing  2.5  g.  free  H0SO4  per  100  c.c. 

Heating  the  electrolytes  is  beneficial  in  that  the  potential  drop 
between  the  electrodes  is  reduced,  and  also  a  more  adherent  de- 
posit is  formed.  Raising  the  temperature  increases  the  effective- 
ness of  the  addition  agent;  a  smaller  amount  of  addition  agent 
being  required. 

This  work  will  be  continued  by  testing  the  effect  of  other  addi- 
tion agents  and  combinations  of  two  or  more  addition  agents  in 
the  electrolytes  which  are  reported  in  this  article. 

Table  I. 

No  Addition  Agent  Present. 

C.  D.  =   16  amp.  per  sq.  ft.  (1.8  amp.  per  sq.  dm.). 
Temperature  20°  to  23°  C. 


Solu- 
tion 


B 
Ca 

Cb 
Da 
Db 
Dc 


Composition  of  Electrolyte. 

6  g.  Tin  +  the  following  per  100  cc. 

Solution 


Average 

Potential 

Drop. 

Volt 


SnCU.2NaCl  +  2.5  g.   NaCl  0.42 


Sn(BF4)a  -^  5  g.  HBF«  0.31 

Sn(S0..Ci<,HT)4  -f   Free   Acid         0.28 
made  by  electrolysis 

Sn(S03.CoH7)3  +  10  g.  0.22 

H.SO3.C10H7.     Made  from  cop- 
per solution 

SnS04  +  2.5  g.  HSO,  0.25 


SnSO.  +  5  g.  U2SO4  0.22 

SnS04  +  7  g.  H.SO4  0.22 


Character  of  Cathode 
Deposits 


Mass  of  crystals  over  surface, 
and  bright  moss-like  den- 
drites along  edges. 

Mass  of  bright  needles  with 
dendrites  along  edges. 

Mass  of  bright  crystals  at 
start,  and  after  two  hours 
amorphous,  gray  deposit 
formed. 

Adherent,  even  mass  of 
bright  needle  crystals,  den- 
drites along  edges. 

Mass  of  bright  needles  with 
long  dendrites  along  the 
edges. 

Mass  of  short  needle  crys- 
tals, and  small  dendrites 
along  the  edges. 

Mass  of  even,  small  needles, 
and  short  dendrites  along 
the  edges.  Best  deposit 
of  this  series. 
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Table  II. 

Stannous  Sodium  Chloride  Electrolytes  Containing  6  Grams  Tin 

and  2.5  Grams  Excess  NaCl  per  100  ex.     (Solution  A.) 

Current  Density  =  16  amp.  per  sq.  ft.  (1.8  amp.  per  sq.  dm.) 


Addition  Agent  Present 

Average 

Potential 

Drop. 

Volt 

Temper- 
ature 

Character  of  Cathode 
Deposits 

Test 
No. 

Name 

1  gr.  per 
c.c.  Elec- 
trolyte 

1 

Peptone 

1,000 

0.46 

20-23 

Dense,  crystalline,  with  den- 
drites  along  edges. 

2 

a          « 

500 

0.56 

20-23 

Dense,  crystalline,  with   long 
needles  and  dendrites  along 
edges. 

3 

(>             M 

250 

0.42 

20-23 

Dense  mass  of  gray  smooth 
adherent  crystals,  with  few 
larger  crystals  along  edges. 
Fairly  good. 

4 

Gelatine 

1,000 

0.43 

20-23 

Crystalline  deposit,  with  long 
dendrites   along  edges. 

5 

((      « 

500 

0.48 

20-23 

Similar  deposit  to  No.  4. 

6 

«        w 

250 

0.50 

20-23 

Deposit  poorer  than  Nos.  4 
and  5. 

7 

Aloin 

1,000 

0.42 

20-23 

Mass  of  needles  and  den- 
drites. 

8 

« 

500 

0.44 

20-23 

Adherent,  crystalline  deposit. 
Fairly  good. 

9 

M 

250 

0.42 

20-23 

Mass  of  non-adherent  moss- 
like dendritic  crystals, 
which  soon  short-circuited 
electrodes. 

10 

U 

500 

0.18 

40 

Adherent,  dense,  crystalline, 
with  heavy  long  dendrites 
along  edges. 

11 

Peptone  and 
Oil  Emulsion 

1,000 
125 

0.16 

40 

Mass  of  crystals,  with  long 
dendrites  along  edge,  which 
soon  short-circuited  elec- 
trodes. 

12 

Gelatine  and 
Oil  Emulsion 

1,000 
125 

0.24 

40 

Mass  of  intermixed  long 
crystals  and  dendrites. 

13 

Gelatine 

250 

0.22 

40 

Mass  of  adherent  crystals, 
with  dendrites  alon^  edges, 
which  soon  short-circuited 
electrodes. 
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Table  HI. 

Stannous  Fluoborate  Electrolytes  Containing  6  Grams  Tin  and 
5  Grams  Free  HBF^  per  100  ex.     (Solution  B.) 

Current  Density  =  16  amp.  per  sq.  ft.  (1.8  amp.  per  sq.  dm.) 


Addition  Agent  Present 

Average 

Potential 

Drop. 

Volt 

Temper- 
ature 

Character  of  Cathode 
Deposits 

Test 

No. 

Name 

1  gr.  per 
c.c.  Elec- 
trolyte 

1 

Peptone 

1,000 

0.44 

20-23 

.Adherent,  dense,  crystalline. 
Fairly  good. 

2 

"      " 

500 

0.44 

20-23 

Adherent,  very  dense,  crys- 
talline deposit.     Good. 

3 

a          i( 

250 

0.52 

20-23 

Similar  to  No.  2  deposit. 
Good. 

4 

Gelatine 

1,000 

0.26 

20-23 

Adherent,  smooth,  dense  de- 
posit.    Very  good. 

5 

"      " 

500 

0.30 

20-23 

Similar  to  No.  4  deposit. 
Very   good. 

6 

((      i( 

250 

0.34 

20-23 

Similar  to  Nos.  4  and  5  de- 
posits.    Very  good. 

7 

Aloin 

1,000 

0.30 

20-23 

Adherent,  very  smooth,  dense 
deposit.     Very  good. 

8 

500 

0.34 

20-23 

Adherent  mass  of  large  crys- 
tals, with  needles  along 
edges. 

9 

'* 

250 

0.40 

20-23 

Adherent,  dense,  smooth, 
crystalline  deposit.     Good. 

10 

500 

0.28 

40 

Adherent,  dense,  crystalline 
deposit,  with  few  short 
needles  along  edge.  Fairly 
good. 

11 

Peptone  and 
Oil  Emulsion 

1,000 
125 

0.18 

40 

Adherent,  dense,  smooth, 
finely  crystalline  deposit. 
Very  good. 

12 

Gelatine  and 
Oil  Emulsion 

1,000 
125 

0.16 

40 

Mass  of  gray  fine  crystals, 
with  needles  along  edges. 

13 

Gelatine 

250 

0.20 

40 

Adherent,  dense  mass  of  crys- 
tals,      with       some       short 
needles  along  edges.     Fairly 
good. 
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Tabi,e  IV. 

Stannous    Naphthalene-Sulphonate    Electrolytes    Containing    6 

Grams  Tin,  10  Grams  Free  H .SO^.C^qH^  and  Small 

Amount  H^SO^  per  100  ex.    (Solution  Cb.) 

Current  Density  =  16  amp.  per  sq.  ft.  (1.8  amp.  per  sq.  dm.) 


Addition  Agent  Present 

Average 

Potential 

Drop. 

Volt 

Temper- 
ature 
"C. 

Test 
No. 

Name 

1  gr.  per 
c.c.  Elec- 
trolyte 

Character  of  Cathode 
Deposits 

1 

Peptone 

1,000 

0.24 

20-23 

Mass  of  dense,  small  crystals 
covering  entire  cathode. 

2 

"       " 

500 

0.24 

20-23 

Adherent,  even  mass  of 
bright  needle  crystals. 

3 

250 

0.22 

20-23 

Mass  of  dense,  short,  needle 
crystals,  longer  on  edges 
of  cathode. 

4 

Gelatine 

1,000 

0.32 

20-23 

Moderately  adherent,  smooth, 
amorphous  deposit. 

5 

"      '* 

500 

0.34 

20-23 

Grayish-white,  heavy  needles, 
not  so  good  as  when  no 
gelatine  present. 

6 

" 

250 

0.36 

20-23 

Similar  to  No.  S. 

7 

Aloin 

1,000 

0.32 

20-23 

Non-adherent  dendrites. 

8 

" 

500 

0.36 

20-23 

Non-adherent  dendrites; 
smaller  crystals  than  No.  7. 

9 

" 

250 

0.36 

20-23 

Non-adherent  dendrites,  simi- 
lar to   No.   7. 

10 

500 

0.24 

40 

Mass  of  adherent,  small, 
bright  crystals  for  2  hourSj 
after  which  long  needles 
continued  to  form. 

11 

Peptone  and 
Oil  Emulsion 

1,000 
125 

0.22 

40 

Mass  of  heavy  needles  inter- 
mixed with  dendrites. 

12 

Gelatine  and 
Oil  Emulsion 

1,000 
125 

0.24 

40 

Non-adherent,  long  needles. 

13 

Gelatine 

250 

0.28 

40 

Loose,  long  needles,  which 
soon  short-circuited  elec- 
trodes. 
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Table  V. 

Stannous  Sulphate   Electrolytes   Containing  6   Grams   Tin   and 
2.5  Grams  Free  H.^SO^  per  100  c.c.     (Solution  Da.) 

Current  Density  =  16  amp.  per  sq.  ft.  (1.8  amp.  per  sq.  dm.) 


Addition  Agent  Present 

Average 

Temper- 
ature 

Test 
No. 

Name 

1  gr.  per 
c.c.  Elec- 
trolyte 

Potential 
Drop. 
Volt 

Character  of  Cathode 
Deposits 

1 

Peptone 

1,000 

0.36 

20-23 

Adherent,  dense,  even 
bright,  finely  crystalline 
deposit.     Fair, 

2 

«      <( 

500 

0.35 

20-23 

Adherent,  dense,  gray,  finely 
crystalline,  with  few  larger 
crystals  along  edges. 

3 

II      (( 

250 

0.34 

20-23 

Adherent,  smooth,  grayish, 
finely  crystalline  deposit. 
Good. 

4 

Gelatine 

1,000 

0.22 

20-23 

.\dherent,  smooth,  bright, 
finely  crystalline  deposit 
Good. 

5 

500 

0.20 

20-23 

Adherent  mass  of  rough, 
grayish,  dense,  fine  crys- 
tals.    Fair. 

6 

K             « 

250 

0.24 

20-23 

Adherent,  smooth,  bright, 
finely  crystalline  deposit. 
Good. 

7 

Aloin 

1,000 

0.22 

20-23 

Adherent,  dense,  smooth, 
grayish,  finely  crystalline 
deposit.     Good. 

8 

500 

0.22 

20-23 

Adherent,  dense,  smooth, 
finely  crystalline  deposit, 
with  few  short  needles. 
Fair. 

9 

250 

0.24 

20-23 

.\  d  h  e  r  e  n  t,  dense,  bright, 
smooth,  finely  crystalline 
deposit.     Very  good. 

10 

i< 

500 

0.16 

40 

Adherent,  crystalline  deposit, 
intermixed  with  small 
needles,  and  longer  needles 
along  edges. 

11 

Peptone  and 
Oil  Emulsion 

1,000 
125 

0.22 

40 

Adherent,  dense,  smooth, 
finely  crystalline  deposit. 
Good. 

12 

Gelatine  and 
Oil  Emulsion 

1,000 
125 

0.24 

40 

Non-adherent,  bright,  long 
needles. 

13 

Gelatine 

250 

0.33 

40 

Adherent,  dense,  even,  finely 
crystalline  deposit,  some 
needles  and  small  dendrites 
along  edges.     Fair. 
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Table  VI. 

Stannous  Sulphate   Electrolytes   Containing  6   Grams   Tin  and 
5  Grams  Free  HoSO^^  per  100  c.c.     (Solution  Db.) 

Current  Density  =  16  amp.  per  sq.  ft.  (1.8  amp.  per  sq.  dm.) 


Test 
No. 


9 

10 

11 

12 

13 


Addition  Agent  Present 


Name 


Peptone 


Gelatine 


Aloin 


Peptone  and 
Oil  Emulsion 

Gelatine  and 
Oil  Emulsion 


Gelatine 


1  gr.  per 
c.c.  Elec- 
trolyte 


1,000 
500 

250 

l.OtX) 

500 

250 

1,000 

500 
250 
500 


1,000 
125 

1.000 
125 


250 


rVverage 

Potential 

Drop. 

Volt 


0.28 

0.28 

0.24 
0.20 
0.18 
0.18 

0.18 

0.18 
0.20 
0.12 

0.21 

(1.22 

0.14 


Temper- 
ature 


20-23 
20-23 

20-23 
20-23 
20-23 

20-23 

20-23 

20-23 

20-23 

40 

40 
40 

40 


Adherent,  dense,  smooth, 
grayish,  finely  crystalline 
deposit.     Good. 


Character  of  Cathode 
Deposits 


\dherent, 
grayish, 
deposit, 
crystals 
Fair. 


dense,  smooth, 
finely  crystalline 
with  few  large 
along    the    edges. 


.Adherent,  dense,  smooth, 
grayish,  finely  crystalline 
deposit.     Good. 

.Adherent,  dense,  smooth, 
bright,  finely  crystalline 
deposit.     Good. 

Adherent,  dense,  smooth, 
bright,  finely  crystalline 
deposit.     Good. 

\dherent,  dense,  smooth  de- 
posit of  fine  crystals,  with 
some  small  needles  along 
edges.     Fair. 

Adherent,  dense,  smooth, 
finely  crystalline,  with  few 
short  needles  along  edges. 
Fair. 

Similar  to  No.  7.     Fair. 


Slightly  better  than  Nos.  7 
and  8. 

Smooth,  dense,  bright,  finely 
crystalline  deposit,  with 
slender  dendrites  along 
edges. 

Adherent,  smooth,  den  s  e, 
finely  crystalline  deposit. 
Very  good. 

Adherent,  dense  deposit  of 
mixture  of  very  small 
needles  and  fine  crystals, 
with  short  needles  along 
edges.      Fair. 

Adherent,  dense,  finely  crys- 
talline deposit,  with  needles 
and  dendrites  along  edges. 
Fair. 
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Table  VIL 

Stannous  Sulphate  Electrolytes  Containing  6   Grams  Tin  and 
7  Grams  Free  H^SO^  per  100  c.c.     (Solution  Dc.) 

Current  Density  =  16  amp.  per  sq.  ft.  (1.8  amp.  per  sq.  dm.) 


Addition  Agent  Present 

Average 

Potential 

Drop. 

Volt 

Temper- 
ature 
°C. 

Test 

No. 

Name 

1  gr.  per 
c.c.  Elec- 
trolyte 

Character  of  Cathode 
Deposits 

1 

Peptone 

1,000 

0.28 

20-23 

Adherent,  very  dense,  smooth, 
bright,  finely  crystalline 
deposit.     Very  good. 

2 

500 

0.24 

20-23 

Adherent,  dense,  smooth, 
bright,  finely  crystalline  de- 
posit.    Good. 

3 

«      « 

250 

0.24 

20-23 

Similar  to  No.  1.    Very  good. 

4 

Gelatine 

1,000 

0.18 

20-23 

Adherent,  dense,  smooth, 
grayish,  finely  crystalline 
deposit.     Good. 

5 

It      <i 

500 

0.18 

20-23 

Similar  to  No.  4.     Good. 

6 

«      « 

250 

0.18 

20-23 

Similar  to  Nos.  4  and  S. 
Good. 

7 

Aloin 

1,000 

0.18 

20-23 

Moderately  adherent  mass  of 
bright,  fine  crystals. 

8 

" 

500 

0.18 

20-23 

Moderately  adherent  mass  of 
grayish,  fine  crystals,  with 
needles  along  edges. 

9 

" 

250 

0.26 

20-23 

Adherent,  smooth,  crystalline 
deposit.      Fair. 

10 

« 

500 

0.23 

40 

Mass  of  heavy,  short  needles. 

11 

Peptone  and 
Oil  Emulsion 

1,000 
125 

0.23 

40 

Adherent,  smooth,  dense, 
bright,  finely  crystalline 
deposit.     Very  good. 

12 

Gelatine  and 
Oil  Emulsion 

1,000 
125 

0.25 

40 

Non-adherent  mass  of  short 
needles  and  spangles,  with 
long  needles  and  spangles 
along  edges. 

13 

Gelatine 

250 

0.32 

40 

Loose,  long  needles,  which 
soon  short-circuited  elec- 
trodes. 
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Table  VIII. 

Current  Efficiency.    Time:  5  Hours. 

Current  Density  =  16  amp.  per  sq.  ft.  (1.8  amp.  per  sq.  dm.)    Temp.  40°C. 


Electrolyte   Containing  6  g.   Tin 
per  100  c.c. 

Addition  Agent  Present 

Cur- 
rent 
Effi- 
ciency 
in  Per- 
cent 

No. 
Run 

Name 

1  g.  per 
c.c. 
Elec- 
trolyte 

Character  of  Cathode 
Deposits 

1 

2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

SnCU.2NaCl  +  2.5  gm.  NaCl 
(Solution  A) 

Sn(BF4)3  +  Sgm.  HBF4 
(Solution  B) 

Sn(S03.CioH7)2 
(Solution  Cb) 

SnS04  +  2.5  gm.  HsSO. 
(Solution  Da) 

SnS04  +  5  gm.  H^SO, 
(Solution  Db) 

SnS04  +  7  gm.  H-SO« 
(Solution  Dc) 

SnCU.2NaCl  +  2.5  gm.  NaCl 
(Solution^) 

Sn(BF4). +  5gm.  HBF4 
(Solution  B) 

Sn(S03.CaoH7)j 
(Solution  Cb) 

SnS04  -f  2.5  gm.  H2SO4 
(Solution  Da) 

SnS04  +  5  gm.  H,S04 
(Solution  Db) 

SnSO*  +  7  gm.  H2SO4 
(Solution  Dc) 

f  Peptone 

(Oil   Emulsion 

(Peptone 

(Oil   Emulsion 

(Peptone 

(Oil   Emulsion 

j  Peptone 

(Oil   Emulsion 

(Peptone 

(Oil   Emulsion 

f  Peptone 

(Oil   Emulsion 

Gelatine 

Gelatine 

Gelatine 

Gelatine 

Gelatine 

Gelatine 

1,000 
125 

1,000 
125 

1,000 
125 

1,000 
125 

1,000 
125 

1.000 
125 

250 
250 
250 
250 
250 
250 

49 
80 
80 
81 

80 
80 
52 

100 
89 

100 
97 
99 

Crystals  and  dendrites. 

Crystalline    deposit,    with 
needles  along  edges. 

Heavy,  long  needles. 

Mass  of  long  needles. 

Adherent     crystals,     with 
short    needles    along 
edges. 

Short    needles    and 
spangles,     with     larger 
dendrites   along  edges. 

Mass    of    dense    crystals, 
with   dendrites  along 
edges. 

Dense,     crystalline,     with 
few  short  needles  along 
edges. 

Lon^    needles    and     den- 
drites. 

Dense,    even,    finely   crys- 
talline, with  needles  and 
dendrites    along    edges. 

Dense,     crystalline,     with 
needles     ahd     dendrites 
along   edges. 

Dense,     crystalline,     with 
needles    and    dendrites 
along  edges. 

1 
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DISCUSSION. 

W.  S.  Landis^  :  The  electrolytic  refining  of  tin  is  becoming 
of  more  and  more  commercial  importance  every  day.  I  under- 
stand we  have  just  lost  our  second  largest  copper  refinery  in 
New  Jersey  or  New  York,  by  its  being  converted  into  a  tin 
refinery,  so  this  paper  should  bring  out  much  discussion. 

F.  C.  Mathers-:  The  pictures  of  some  of  these  cathodes 
indicate  that  the  deposits  were  really  very  satisfactory.  I  am 
sorry  Dr.  Kern  did  not  send  some  actual  samples  of  those 
cathodes,  and  I  suggest  that  it  might  be  a  good  plan  for  the 
Secretary  to  request  authors  to  furnish  or  send  samples  of  work, 
whenever  it  is  possible,  to  these  meetings.  I  would  like  very 
much  to  examine  those  cathodes.  In  connection  with  the  depo- 
sition from  chloride  solution,  you  will  notice  on  page  152  that 
those  deposits  look  like  doormats.  That  is  a  characteristic  of 
deposits  from  chloride  solution.  I  have  never  been  able  to  get 
a  non-crystalline  or  smooth  deposit  from  chlorides.  Dr.  Ban- 
croft keeps  asking  why,  and  I  do  not  know,  and  he  does  not 
know  and  has  no  suggestion  to  make.  Wherever  Dr.  Kern  says 
that  the  edges  of  the  cathodes,  show  slight  crystals,  that  means  that 
the  deposits  would  not  be  so  good,  because  there  will  be  a  short 
circuit  before  he  obtains  a  satisfactory  thickness  of  deposits. 
All  deposits  look  fairly  good  in  the  very  beginning,  but  where 
you  undertake  to  build  thick  ones  from  poor  baths,  you  encounter 
difficulties.  I  have  tried  naphthalene,  benzol,  phenol  sulphonate 
and  all  the  rest  of  them,  and  have  never  found  any  particular 
advantage  in  them  over  the  simple  sulfate.  At  the  begin- 
ning of  the  war,  the  imports  of  tin  from  the  Straits  were  cut 
off  and  the  importation  from  South  America  very  much  increased. 
Now  it  happens  that  the  South  American  tin  is  naturally  impure, 
containing  lead,  and  could  not  be  used  directly  on  sheet  for  food 
containers.  That  brought  about  the  necessity  of  electrolytic 
refining,  and  a  plant  was  started  by  the  American  Smelting  and 
Refining  Company  at  Maurer,  N.  J.,  for  refining  tin  under  the 
Whitehead  patent.     I  think  they  used  a  tin  fluosilicate  bath,  with 

'  American   Cyanamid   Co.,  New  York  City. 

'  Associate  Prof,  of  Chemistry,  Univ.  of  Indiana,  Bloomington,  Ind. 


164  DISCUSSION. 

glue  as  an  addition  agent.  The  deposits  were  very  loosely  adher- 
ent to  the  cathode.  In  a  commercial  way,  for  the  last  three 
years,  they  have  been  using  addition  agents  which  prevent  this 
crystalline  structure,  and  get  a  very  satisfactory  cathode.  The 
patents  on  that  process  have  been  allowed  but  not  issued  yet. 
These  samples  of  tin  cathodes  were  deposited  from  the  same 
electrolytes  and  with  the  same  addition  agents  that  are  used 
at  this  plant.  This  is  an  especially  smooth  cathode.  It  takes 
careful  work  to  get  a  cathode  of  this  thickness  and  this  extra- 
ordinary smoothness,  but  it  is  quite  easy  to  build  up  a  solid 
cathode  of  this  thickness.  The  addition  agents  mentioned  by 
Dr.  Kern  would  probably  be  too  expensive  for  commercial  use. 
For  instance,  this  meat  peptone,  which  he  uses  in  his  best  bath» 
would  probably  cost  $1.50  a  pound.  The  cheapest  tin  bath,  leav- 
ing out  the  chloride,  of  course,  would  be  the  stannous  sulphate. 
I  found  that  the  addition  of  fluoborate  or  fluosilicate  to  that  bath 
improves  the  deposit  somewhat,  and  I  might  say  that  a  bath  of 
stannous  fluoborate  or  stannous  fluosilicate  gives  a  better  deposit 
than  stannous  sulphate,  but  the  improvement  might  not  be  worth 
the  extra  cost  on  the  bath.  The  current  yields  are  almost  100  per- 
cent if  the  cathode  is  so  firm  that  none  of  the  deposit  drops  off. 
The  thing  that  decreases  the  cathode  yield  is  short  circuiting. 

Edward  F.  Kern  :  I  also  presented  a  paper  on  the  "Electro- 
lytic Refining  of  Tin"  at  a  previous  meeting  of  the  Society.* 
The  electrolytes  referred  to  in  that  paper  were  the  chlorides, 
fluorides  and  fluosilicates  of  tin,  and  the  double  chlorides  and 
fluorides  of  tin  with  sodium,  magnesium  and  ammonium.  Last 
year  I  was  informed  that  at  a  certain  Japanese  tin  refinery,  the 
double  chloride  of  tin  and  sodium  electrolyte  with  the  addition 
of  peptone  and  glue,  as  published  in  Vol.  XXXIII  of  our  Trans- 
actions, was  used  with  success,  and  that  no  great  trouble  was 
encountered  from  short-circuiting,  as  continual  voltage  inspection 
of  the  tanks  was  maintained.  When  short-circuits  were  discov- 
ered, the  "bridging"  cr}^stals  were  knocked  from  the  cathodes  by 
means  of  a  thin  strip  of  wood.  The  Japanese  tank  inspectors  no 
doubt  were  more  watchful  and  alert  than  the  inspectors  in  our 
American    refineries,    which   may    account    for   the   good    work 

•Trans.  Am.   Electrochem.  Soc.   (1918),  33,  155168. 
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done  with  the  double  chloride  electrolyte.  Professor  Mathers 
refers  to  the  tin  refinery  of  the  American  Smelting  and  Refining 
Company  at  Maurer,  N.  J.,  saying  that  he  thought  tin  fluosilicate 
electrolyte  with  glue  addition  was  used  in  this  plant.  The  use 
of  tin  fluosilicate  for  the  refining  of  tin  was  patented  by  Men- 
nicke,  and  the  use  of  fluosilicate  electrolyte  with  the  addition 
of  gelatine  or  glue  for  the  purpose  of  increasing  the  density  of 
the  cathode  deposit  was  patented  by  Mollis  (Nos.  10  and  11  of 
review  of  literature).  When  tin  refining  by  electrolysis  was 
started  at  Maurer,  N.  J.,  the  fluosilicate  electrolyte  was  selected. 
As  their  anodes  contained  lead,  it  was  found  necessary  to  add 
some  acid,  or  acid  radical,  with  which  lead  combines  and  forms 
an  insoluble  precipitate,  otherwise  the  lead  would  dissolve  along 
with  the  tin  from  the  anode  and  be  deposited  with  the  tin  on  the 
cathode.  Tin  and  lead  are  practically  in  the  same  position  in 
the  E.  M.  F.  or  solution-pressure  series.  Mr.  Whitehead,  who 
had  charge  of  the  tin  refinery  at  Maurer,  added  sulphuric  acid 
to  their  electrolyte,  and  applied  for  patents  for  same.  He  later 
made  patent  application  for  the  use  of  tin  fluoborate  electrolyte 
with  addition  of  hydrofluoric  acid,  for  the  purpose  of  "sliming" 
lead  in  tin  anodes,  and  the  use  of  a  suitable  addition  agent  for 
the  purpose  of  causing  the  tin  to  deposit  smoothly  on  the 
cathode.  The  presence  of  the  hydrofluoric  acid  in  this  electro- 
lyte was  for  the  purpose  of  precipitating  the  lead  as  insoluble 
lead  fluoride.  The  beneficial  effect  of  free  hydrofluoric  acid  in 
tin  fluosilicate  electrolyte  was  published  in  the  Transactions  of 
this  Society,  Vol.  XXXIII,  and  is  given  in  reference  No.  17 
(Kern  and  Chen).  I  found  the  fluoborate  electrolyte  to  be  more 
satisfactory  than  the  fluosilicate,  as  it  is  more  stable  and  also 
produces  better  deposits.  This  is  also  true  for  lead.  As  fluo- 
borate is  more  expensive,  it  did  not  replace  fluosilicate  for  refin- 
ing purposes.  The  electrolyte  which  was  used  at  the  Maurer 
plant  until  recently  was  the  fluosilicate  of  the  following  compo- 
sition: 4  to  5  grams  of  tin,  4.5  to  7.5  grams  free  HaSiFg  (10  to 
13  grams  total  HaSiFg),  1  to  2.5  grams  H2SO4,  and  0.5  to  1.5 
HF  per  100  c.  c.  The  addition  agents  used  were  glue,  cresol  and 
oil,  added  in  the  required  amounts  as  determined  by  trial.  The 
current  density  used  was  between  10  and  12  amperes  per  square 
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foot  (110-132  A.  per  sq.  m.).  The  anodes  contained  between 
94  and  98  percent  Sn,  0.5  to  1.3  Pb,  0.3  to  0.6  Cu,  0.5  to  3.5  Bi, 
0.02  to  0.35  As,  0.1  to  0.25  Sb,  and  5  to  9  ounces  of  silver  per 
ton  (0.017  to  0.03  percent),  and  0.01  to  0.02  ounce  of  gold 
per  ton  (0.34  to  0.68  g.  per  metric  ton).  The  cathodes  con- 
tained from  99.2  to  99.9  percent  Sn,  0.01  to  0.0015  As,  0.01 
to  0.09  Sb,  0.02  to  0.05  Bi,  and  0.015  to  0.03  Cu.  After  it 
was  published  that  tin  sulphate  electrolytes  produced  as  satis- 
factory results  as  tin  fluosilicate  electrolytes,  the  company  had 
comparative  tests  of  these  two  electrolytes  made.  The  outcome 
was  that  their  fluosilicate  electrolyte  has  been  replaced  by  the 
sulphate  electrolyte  of  composition  approximating  solution  Db., 
Tables  I  and  VI,  different  addition  agents,  however,  being  used, 
which  I  believe  to  be  bone  glue  and  cresol-sulphonic  acid.  Pro- 
fessor Mathers  stated  that  the  samples  of  cathode  tin  which  were 
shown  by  him  were  formed  from  an  electrolyte  of  the  same  com- 
position (fluosilicate),  and  with  the  same  addition  agents  as  are 
used  at  the  Maurer  plant.  He  should  have  let  us  know  what 
addition  agents  were  used.  As  to  meat  peptone  costing  $1,50 
per  pound,  I  do  not  recommend  that  this  be  used  in  commercial 
refineries;  but  when  conducting  the  researches,  the  idea  was  to 
find  some  addition  agent  which  would  cause  the  formation  of 
smooth,  adherent,  soHd  deposits  on  the  cathode,  and  then  after- 
wards seek  some  cheap  chemicals  or  materials  whose  composition 
approximates  that  of  the  expensive  addition  agent.  The  use  of 
bone  glue,  cresol  and  oil  emulsion  gives  the  cheap  mixture  which 
causes  tin  to  deposit  satisfactorily  from  fluosilicate,  fluoborate 
and  sulphate  electrolytes.  As  a  rule,  the  addition  agents  which 
produce  satisfactory  cathode  deposits  with  one  electrolyte  do  not 
do  so  when  used  with  other  electrolytes.  The  proper  addition 
agent  or  mixture  of  addition  agents  must  be  found  for  each  elec- 
trolyte. Due  to  the  lack  of  information  and  theory  on  addition 
agents,  the  selection  of  the  proper  addition  agent  for  a  certain 
electrolyte  cannot  be  made  by  merely  knowing  its  composition 
and  molecular  arrangement.  No  doubt  this  will  be  possible  in 
the  future. 


A  paper  presented  at  the  Thirty-eighth 
General  Meeting  of  the  American  Elec- 
trochemical Society,  in  Cleveland,  October 
2,  1920,  President  Landis  in  the  Chair. 


THE  ELECTRO-DEPOSITION  OF  BRASS  FROM  CYANIDE 
SOLUTIONS.! 

By  Alfbed  L.  Ferguson-  and  Earl  G.  Sturdevant. 

Abstract. 

The  author  reviews  briefly  the  existent  Hterature,  and  shows 
where  it  is  contradictory.  He  discusses  at  length  the  theory  of 
the  co-deposition  of  two  metals  from  solution,  and  then  describes 
various  tests  devised  to  throw  light  on  the  fundamental  principles 
involved.  He  studies  particularly  the  current  efficiencies  at  both 
electrodes,  the  effects  of  varying  temperature,  current  density, 
and  proportions  of  acid,  alkaline  and  neutral  ingredients  in  the 
solution.     [J.  W.  R.] 
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Introduction. 

A  survey  of  the  literature  on  the  electro-deposition  of  brass 
shows  that  brass  has  been  obtained  from  cyanide  solutions  which 
vary  decidedly  in  ratio  of  copper  to  zinc,  metal  content,  cyanide 
content,  alkalinity,  current  density,  and  temperature.  This  fact 
is  clearly  evident  from  the  table  compiled  by  C.  W.  Bennett 
(Trans.  Amer.  Electrochem.  Soc.  (1913),  23,  251),  which  is  a 
summary  of  brass  plating  solutions  that  have  been  recommended. 
Calculations  from  the  figures  given  in  this  table  show  that  the 
composition  of  these  solutions,  expressed  in  grams  per  liter,  varies 
from  0.76  to  47.77  g.  of  copper;  1.59  to  23.38  g.  of  zinc;  0.00  to 
165.00  g.  of  potassium  cyanide ;  0.00  to  180.00  g.  of  alkaline  sub- 
stances ;  and  0.00  to  90.00  g.  of  slightly  acid  substances.  The 
extreme  variation  in  metal  ratio  is  shown  by  solutions  1  and  12 
in  this  table.  In  solution  1  the  ratio  is  10  parts  of  copper  to  80 
parts  of  zinc ;  in  solution  12  the  ratio  is  10  parts  of  copper  to  1 
part  of  zinc. 

The  electro-deposition  of  brass  has  been  investigated  by  F. 
Spitzer  (Zeitsch.  Electrochem.  (1905),  11,  172),  S.  Field  (Trans. 
Faraday  Soc.  (1909),  9,  172),  A.  W.  Davison  (Jour.  Phys.  Chem. 
(1914),  18,  488),  and  A.  Honig  (Zeitsch.  Electrochem.  (1916), 
22,  286).  They  worked  under  decidedly  different  experimental 
conditions  as  well  as  with  solutions  of  widely  different  composi- 
tion. These  different  experimental  conditions  may,  to  some  ex- 
tent at  least,  account  for  the  poor  agreement  of  their  results.  The 
lack  of  conformity  is  readily  apparent  from  Table  I. 


Tabi,^  I. 


Grams  Copper 

Grams  Zinc 

Ratio  of  Copper 

Percent  Copper 

Investigator 

per  I,iter 

per  Liter 

to  Zinc 

Deposited 

6.35 

6.53 

0.97 

73.0 

Spitzer 

3.17 

9.85 

0.32 

70.0 

« 

34.25 

22.00 

1.56 

96.2 

Field 

34.25 

31.00 

1.10 

93.5 

i< 

17.12 

15.50 

1.10 

86.6 

« 

6.80 

22.00 

0.37 

47.8 

« 

50.80 

7.10 

7.15 

71.5 

Davison 

This  table  shows  the  influence  of  metal  content  and  metal  ratio 
on  the  composition  of  the  deposit.     It  is  seen  that  the  copper 
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varies  from  3.17  to  50.80  g.  per  liter;  the  zinc  from  6.53  to  31.00 
g.  per  liter;  and  the  total  metal  content  from  12.88  to  65.25  g. 
per  liter.  The  slight  influence  which  the  metal  content  has  on 
the  composition  of  the  deposit  is  shown  by  the  fact  that  Spitzer 
obtained  a  deposit  of  70  percent  copper  from  a  solution  which 
contained  3.17  g.  of  copper,  while  Davison  obtained  a  deposit 
of  only  71.5  percent  copper  from  a  solution  which  contained  50.80 
g.  of  copper.  Field  found  that  by  diluting  a  solution  which  gave 
a  deposit  of  93.5  percent  copper  with  an  equal  volume  of  water, 
the  percentage  of  copper  in  the  deposit  was  reduced  to  86.6. 
From  this  it  is  evident  that  factors  other  than  the  absolute  metal 
content  and  the  ratio  of  copper  to  zinc  in  the  solution  influence 
the  composition  of  the  deposit  to  a  marked  degree. 

A  similar  analysis  of  the  results  obtained  by  them  on  the  in- 
fluence of  cyanide  content,  alkalinity,  current  density,  and  tem- 
perature makes  clearly  evident  the  fact  that  our  present  knowledge 
of  the  brass  plating  solution  is  decidedly  indetinite  and  incomplete. 
The  lack  of  specific  data  regarding  the  influence  of  each  of  these 
factors,  together  with  the  need  for  such  data,  owing  to  the  exten- 
sive use  of  the  brass  plating  solution  commercially,  makes  it 
appear  that  a  thorough  investigation  of  the  influence  of  each  of 
these  factors  is  highly  desirable. 

Each  factor  in  some  way  affects  the  metal  ion  concentration  of 
the  solution.  All  the  eft'ects  produced  by  changes  in  metal  ratio, 
metal  content,  cyanide  content,  alkalinity,  current  density,  and 
temperature  must  ultimately  result  from  changes  in  metal  ion 
concentration.  Since  the  influence  of  all  of  these  factors  is  the 
result  of  a  change  in  metal  ion  concentration,  it  seems  that  a 
study  of  metal  ion  concentrations  is  the  most  logical  method  of 
attacking  this  problem.  Such  a  study  is  most  successfully  made 
by  potential  measurements.  For  this  reason,  therefore,  the  in- 
fluence of  each  of  these  factors  upon  the  single  potentials  of 
copper  and  zinc  in  their  cyanide  solutions  was  determined. 

Theoretical. 

A  difference  of  potential  exists  between  an  ionizable  substance 
and  a  solution  of  its  ions.  The  magnitude  of  this  potential  in  the 
case  of  a  metal  is  given  by  the  well-known  equation 

12 
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r-  RT        ,  P 

E   = lop-,    — -  .  (J) 

In  this  equation  B  is  the  potential  in  volts  which  a  metal  of  solu- 
tion tension  P  and  valence  N  shows  against  a  solution  of  one  of 
its  salts  in  which  the  osmotic  pressure  of  the  metal  ions  is  repre- 
sented by  p.  The  absolute  temperature  is  represented  by  T , 
Faraday's  constant  by  Q,  and  the  gas  constant  by  R.  B  is  the 
equilibrium  potential  which  must  be  exceeded  before  metal  ions 
will  deposit  from  such  a  solution.  Metals  which  become  posi- 
tively charged  in  a  solution,  normal  with  respect  to  their  ions, 
will  be  known  as  electro-positive  in  this  discussion.  Those  which 
assume  a  negative  charge  will  be  known  as  electro-negative. 

In  the  electro-deposition  of  a  metal  from  an  aqueous  solution 
of  its  ions  it  is  necessary  to  keep  in  mind  that  hydrogen  ions  are 
also  present.  If  the  applied  potential  exceeds  a  certain  value 
hydrogen  will  be  deposited.  The  magnitude  of  this  potential  is 
given  by  the  equation 

E^=  ^A  H -zr-  log,  ——  (2) 

Q  P 

where  e^^  is  the  hydrogen  over-voltage  for  the  particular  electrode, 
P'  is  the  solution  potential  of  hydrogen  and  p'  is  the  osmotic  pres- 
sure of  hydrogen  ions  in  the  solution.  The  other  letters  in  the 
equation  have  the  same  significance  as  in  equation  (1).  Accord- 
ing to  equation  ( 1 )  the  potential  necessary  to  separate  the  metal  is 

E  —   log,    . 

NQ  p 

It  is  evident  that  if  £i  is  greater  than  £  metal  only  will  be  de- 
posited, if  £i  is  equal  to  B  hydrogen  and  the  metal  will  separate 
simultaneously,  and  if  B-^  is  less  than  B  hydrogen  alone  will  be 
deposited.  This  reasoning  applies  equally  well  for  any  other 
positive  ion  in  the  solution. 

From  this  it  follows  that,  from  a  solution  in  which  there  are 
a  number  of  metallic  ions,  only  that  metal  is  deposited  which  is 
the  most  electro-positive.  For  example,  in  an  ordinary  solution 
containing  copper  and  zinc  ions,  copper  alone  is  deposited,  since 
copper  is  nearly  a  volt  more  positive  than  zinc. 
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In  order  to  separate  two  metals  simultaneously,  as  pointed  out 
above,  the  single  potentials  which  these  metals  show  in  the  solu- 
tion must  be  nearly  equal.  Since  the  solution  potential  of  a  metal 
has  a  definite  characteristic  value,  it  follows  from  equation  (1) 
that  the  potential  which  a  metal  shows  in  a  particular  solution 
must  depend  upon  the  osmotic  pressure  of  its  ions  in  that  solu- 
tion. If  in  the  above  solution  of  copper  and  zinc  sulphate,  the 
concentration  of  the  copper  ions  be  made  continuously  smaller, 
the  copper  becomes  less  electro-positive  and  thus  approaches  the 
value  of  zinc  in  the  same  solution.  If  this  process  could  be  con- 
tinued long  enough  zinc  and  copper  would  deposit  simultaneously. 
The  practical  impossibility  of  accomplishing  this  by  dilution  is 
indicated  by  a  calculation  from  equation  (1)  which  shows  that 
the  copper  ion  concentration  in  such  a  solution  is  only  about 
I  X  lQ-38  N. 

The  decrease  in  metal  ion  concentration,  by  dilution,  decreases 
also  the  conductivity.  Both  the  low  metal  content  and  the  low 
conductivity  thus  produced  are  undesirable.  When  metal  content 
is  low  there  is  no  ready  source  for  the  renewal  of  the  ions  re- 
moved from  about  the  cathode,  and  they  are  practically  all 
removed  by  the  passage  of  only  a  small  quantity  of  electricity. 
When  the  conductivity  is  low  a  greater  amount  of  energy  is  con- 
sumed in  the  deposition  of  a  given  amount  of  metal.  In  order, 
therefore,  to  decrease  the  ion  concentration  of  a  solution  without 
decidedly  decreasing  the  conductivity,  and  at  the  same  time  to  pro- 
vide a  ready  source  of  ion  supply,  substances  are  used  which  form 
complex  ions  containing  the  metal.  For  example,  the  addition  of 
sodium  cyanide  to  a  solution  of  copper  sulphate  forms  the  com- 
plex salt  Na2Cu(CN)3,  which  dissociates  until  the  following 
equilibrium  is  established — 

Na^Cu{CN)^±^  2Na^  +   Cu{CN)^^2Na^   +   Cw+  -f  3CN. 

Equilibrium  is  established  with  an  extremely  small  concentration 
of  copper  ions.  Zinc  forms  a  similar  complex  salt  Na2Zn(CN)^ 
and  a  similar  equilibrium  is  established — 

Na^Zn{CN)^  ^  2Na'   -f  Zn{CN)^±^  2Na^   -f  Z«++  +  4CN. 

In  case  copper  or  zinc  are  removed  from  such  solutions,  new 
ions,   formed  by  dissociation,   immediately   replace  them.     The 
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copper  complex  compound  is  much  more  stable  than  the  zinc, 
hence,  by  the  addition  of  sodium  cyanide  to  a  solution  of  copper 
and  zinc  sulphates,  the  copper  ion  concentration  is  decreased  de- 
cidedly more  than  the  zinc  (Spitzer,  loc.  cit.).  This  means  that 
the  single  potentials  of  zinc  and  copper  approach  each  other  on 
the  addition  of  sodium  cyanide.  By  the  addition  of  large  quan- 
tities of  sodium  cyanide  the  potentials  become  equal,  or  copper 
may  even  become  more  electro-negative  than  zinc.  (Spitzer,  loc. 
cit.  S.  P.  Thompson,  Chem.  News  (1887),  55,  300.)  The  cop- 
per ion  concentration  in  such  a  solution  is  about  10'^®  N. 

From  this  it  appears  possible  to  prepare  a  solution  of  the  com- 
plex cyanide  compounds  of  copper  and  zinc  in  which  these  metals 
show  the  same  single  potentials.  During  the  process  of  elec- 
trolysis of  such  a  solution  the  single  potentials  of  copper  and  zinc 
are  different  from  the  equilibrium  value.  .This  results  from  the 
change  in  ion  concentration  immediately  surrounding  the  elec- 
trodes. The  actual  ion  concentration  in  the  vicinity  of  the  elec- 
trodes depends  upon  the  current  density,  temperature,  rate  of 
stirring,  and  rate  of  ionization  of  the  complex  compounds.  Other 
conditions  remaining  the  same,  it  is  evident  that  an  increase  in 
current  density  results  in  an  increase  in  the  metal  ion  concen- 
tration at  the  anode  and  a  decrease  at  the  cathode.  Increase  in 
temperature,  by  increasing  diffusion,  counteracts  to  some  extent 
these  changes  in  ion  concentration.  Stirring  and  ionization  also 
tend  to  maintain  a  uniform  ion  concentration. 

The  value  of  electrolytically  deposited  brass  is  determined 
chiefly  by  its  color  and  this  depends  largely  upon  its  composition. 
A  brass  of  65  percent  copper  and  35  percent  zinc  has,  under 
favorable  conditions,  a  satisfactory,  bright  yellow  appearance. 
In  order  that  the  composition  of  the  solution  which  deposits  brass 
of  this  composition  may  remain  unaltered  the  metals  must  dis- 
solve from  the  anode  in  this  ratio  and  the  efficiency  of  solution 
must  be  the  same  as  that  of  deposition.  These  are  the  conditions 
which  must  be  fulfilled  by  an  efficient  brass  plating  solution  and 
the  maintenance  of  these  conditions  constitutes  the  chief  problem 
of  brass  plating.  The  ratio  in  which  copper  and  zinc  dissolve  or 
deposit  is  determined  by  the  ratio  of  their  ion  concentrations  in 
the  solution  immediately  surrounding  the  electrode.  The  prob- 
lem, then,  consists  in  establishing  this  ratio  and  in  maintaining 
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it  by  the  proper  regulation  of  factors  which  influence  ion  con- 
centration. 

Materials  and  Method  of  Manipulation. 

The  cells  used  were  600  c.c.  beakers.  There  were  two  anodes 
and  one  cathode  in  each  cell.  One  anode  was  a  sheet  of  cast  zinc 
50  by  50  by  2  mm.  and  the  other  was  a  sheet  of  electrolytic  cop- 
per of  the  same  dimensions.  These  were  supported  parallel  to 
each  other  and  about  8  cm.  apart.  The  cathode  was  a  platinum 
sheet  50  mm.  square,  supported  midway  between  the  anodes. 
Between  each  anode  and  the  positive  terminal  of  the  battery 
were  placed  a  coulometer,  a  variable  resistance,  and  an  ammeter. 
A  return  wire  from  the  cathode  to  the  negative  terminal  of  the 
battery  completed  the  circuit. 

The  solution  was  vigorously  stirred  by  a  glass  rod  provided 
with  a  paddle  about  3  cm.  long.  The  rod  was  rotated  about 
1200  r.  p.  m. 

The  potential  measurements  were  made  by  the  compensation 
method  with  a  small  Leeds  and  Northrup  potentiometer  graduated 
to  0.5  millivolt.  A  suitable  galvanometer  was  used  as  zero  in- 
strument. As  a  standard  comparison  potential,  a  cadmium  cell 
with  a  potential  of  1.01845  at  20°  C.  was  used,  Normal  calomel 
electrodes  were  used  as  reference  electrodes.  To  avoid  including 
in  the  potential  measurements  some  of  the  potential  fall  due  to 
the  current  in  the  solution,  the  ends  of  the  calomel  electrodes  were 
placed  as  near  the  anodes  as  possible  and  on  the  side  o])posite 
to  the  cathode.  The  end  of  the  calomel  electrode  against  which 
the  cathode  potential  was  measured  was  placed  near  the  edge  of 
the  cathode  for  the  same  reason. 

Only  the  highest  grade  C.  P.  materials  were  used  in  this  work. 
Analysis  showed  that  they  did  not  require  further  purification. 

Two  cells  were  set  up  as  above  described,  and  all  determina- 
tions were  run  in  duplicate.  Only  one  set  of  results  for  each 
determination,  however,  is  recorded  in  the  tables.  At  the  begin- 
ning of  each  determination  the  anodes  and  cathodes  were  weighed 
and  placed  in  the  cells.  The  calomel  electrodes  were  placed  in 
position  and  a  set  of  potential  readings  taken  before  the  current 
was  turned  on.  The  current  density  was  0.15  ampere  per  sq.  dm. 
at  each  anode  and  0.30  ampere  at  the  cathode.    The  current  was 
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allowed  to  flow  for  two  hours,  giving  a  cathode  deposit  of  about 
0.6  g.  With  the  current  flowing,  three  sets  of  potential  readings 
were  taken,  one  immediately  after  the  current  was  turned  on, 
one  at  the  middle  of  the  determination,  and  one  just  before  the 
current  was  turned  off.  Immediately  after  the  current  was  turned 
off  another  set  of  potential  readings  was  taken.  All  these  read- 
ings are  recorded  in  the  tables. 

At  the  end  of  the  determination  the  anodes  and  cathode  were 
immediately  removed  from  the  solution,  washed  with  tap  water, 
with  distilled  water,  and  finally  with  alcohol.  They  were  then 
allowed  to  dry  at  room  temperature  before  weighing.  From  the 
loss  in  weight  of  the  anodes  and  the  quantity  of  electricity  as 
shown  by  the  coulometers.  the  efficiencies  of  anode  corrosion  were 
calculated. 

'  The  deposit  was  dissolved  in  dilute  nitric  acid  and  the  copper 
determined  electrolytically.  Zinc  in  the  deposit  was  obtained  by 
difference.  From  these  data  the  percentage  of  copper  in  the  de- 
posit and  the  cathode  efficiency  were  calculated.  The  efficiency 
of  corrosion  or  deposition  is  obtained  by  dividing  the  weight  of 
material  dissolved  or  deposited  by  the  weight  of  material  equiva- 
lent to  the  amount  of  electricity  shown  by  the  coulometers. 

Unless  otherwise  stated,  the  temperature  was  25°  C.  ±:  1°. 
A  closer  regulation  of  the  temperature  was  not  considered  neces- 
sary. 

Metal  Ratio. 

It  has  already  been  pointed  out  that  there  are  many  factors 
which  influence  the  metal  ion  concentration  of  the  brass  plating 
solution  and  the  nature  of  the  deposit.  These  factors  were  indi- 
vidually studied  and  the  exact  influence  of  each  determined. 
Metal  ratio  was  the  first  of  these  factors  to  receive  special  atten- 
tion. 

It  seemed  logical  to  begin  with  a  solution  containing  the  two 
metals  in  about  the  same  ratio.  The  solution  first  used  contained 
4.5  grams  of  copper  and  6.7  grams  of  zinc  per  liter  in  the  form 
of  complex  cyanides.  (This  is  the  metal  content  of  solution  4 
in  Bennett's  (loc.  cit.)  table.)  No  other  constituents  were  pres- 
ent. The  solution  was  electrolyzed  for  twenty  hours  and  the 
changes  which  resulted  in  it  observed.  These  observations  are 
recorded  in  Table  II. 
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The  many  disadvantages  of  this  solution  are  readily  apparent. 
The  results  show  at  first  a  high  anode  solution  due  to  the  cor- 
rosive action  of  the  excess  cyanide.  The  excess  cyanide  also  pro- 
duces a  high  cathode  polarization  which  causes  the  deposition  of 
large  quantities  of  hydrogen  and  consequently  a  low  cathode 
efficiency.  As  electrolysis  is  continued  the  excess  cyanide  is  re- 
moved ;  this,  as  is  to  be  expected,  increases  the  cathode  efficiency 
and  decreases  the  zinc  anode  efficiency.  The  potentials  of  both 
copper  and  zinc  decrease.  In  cyanide  solutions  the  solution  pres- 
sure of  these  metals  is  greater  than  the  osmotic  pressure  of  their 
ions,  hence  a  decrease  in  the  potentials  indicates  an  increase  in 


Table  II. 


Efficiencies 

Per- 
cent of 
Copper 
in  De- 
posit 

Grams 
of  Free 

Cyan- 
ide per 

Liter 

Total 
Hrs. 
Run 

2 

4 

6 

8 
10 
12 
14 
16 
18 
20 

Potential  Measurements 

JW 

Anodes 

Cath. 

With 
Current 

Without 
Current 

Character  of 
Deposit 

Copper 

Zinc 

Copper 

Zinc 

Copper 

Zinc 

1 

2 

3 
4 
5 
5 
7 
8 
9 
3 

108.0 

107.2 
107.2 
109.3 
114.4 
107.5 
107.6 
106.5 
108.8 
108.8 

87.2 

100.4 
129.3 
96.7 
94.1 
116.2 
57.1 
49.2 
55.8 
60.3 

6.9 
75.8 
91.2 
96.9 
100.2 
98.7 
95.3 
96.4 
97.0 
97.1 

45.5 
58.9 
57.4 
39.9 
36.5 
43.7 
48.3 
44.7 
45.8 
47.7 

7.4 

5.4 
4.5 
3.6 
3.3 
3.5 
3.5 
3.0 
2.9 
2.6 

0.951 
0.906 
0.822 
0.834 
0.814 
0.679 
0.660 
0.655 
0.654 
0.606 

1.231 
1.115 

1.100 
1.129 
1.149 
-0.531 
-0.595 
-0.575 
-0.573 
-0.676 

1.073 
1.059 
0.987 
0.992 
0.983 
0.826 
0.864 
0.870 
0.817 
0.804 

1.272 
1.248 
1.241 
1.228 
1.231 
0.891 
0.940 
0.795 
0.705 
0.665 

Dull  Red 
((      « 

Uniform  Yellow 

Purple 
Dark  Brown 

<i          « 
«          « 
«          « 

metal  ion  concentration.  The  change  in  ion  concentration  is  more 
pronounced  in  the  case  of  zinc  than  of  copper ;  so  much  more,  in 
fact,  that  the  copper  becomes  more  electro-negative  than  zinc. 
The  change  appears  to  be  most  pronounced  at  a  definite  stage  in 
the  electrolysis.  At  this  stage  a  white  precipitate  of  zinc  cyanide 
appears  on  the  zinc  anode  and  the  efficiency  of  this  anode  sud- 
denly decreases.  This  change  in  relative  ion  concentration  is 
probably  responsible  for  the  fluctuation  in  the  percentage  of 
copper  in  the  deposit. 

The  percentage  of  copper  in  all  the  deposits  obtained  here  was 
lower  than  that  required  for  a  good  brass.  This  low  percentage 
of  copper  indicated  that  the  copper  content  of  the  solution  was  too 
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low.  It  seemed,  therefore,  that  by  adding  copper,  a  solution 
might  be  obtained  which  would  give  a  deposit  of  suitable  copper 
content  in  the  presence  of  sufficient  free  cyanide  to  produce 
efficient  anode  corrosion.  The  addition  of  copper,  as  the  complex 
cyanide,  to  the  electrolyzed  solution,  showed  that  the  percentage 
of  copper  in  the  deposit  could  be  increased  in  this  way.  The 
results  of  such  additions  are  given  in  Table  III. 

A  solution  of  the  composition  of  that  used  in  Table  II  was  elec- 
trolyzed nearly  to  the  stage  at  which  the  decided  change  in  ion 
concentration  occurred.  It  then  gave  the  values  in  row  1  of  Table 
III.  To  this  solution  copper  sulphate,  with  the  equivalent  sodium 
cyanide,  was  added  in  sufficient  quantity  to  double  the  original 


Table  III. 


Efficiencies 

Per- 
cent of 
Copper 
in  De- 
posit 

Grams 
of  Cop- 
per per 
Liter 
of  Sol. 

Potential  Measurements 

Row 

Anodes 

Cath. 

With 
Current 

Without 
Current 

Character  of 
Deposit 

Copper 

Zinc 

Copper 

Zinc 

Copper 

Zinc 

1 
2 
3 
4 
S 

103.8 
104.7 
108.1 
109.1 
109.7 

95.5 

106.5 
102.8 
100.3 
104.7 

96.7 
80.1 
76.5 
99.0 
98.7 

36.7 

59.1 
62.4 
66.1 
80.7 

4.46 

8.92 

13.37 

17.83 

23.40 

0.640 

0.750 
0.861 
0.869 
0.854 

1.015 
0.967 
0.918 
0.994 
0.991 

0.865 
0.964 
0.926 
0  934 
0.902 

1.189 
1.130 
1.125 
1.009 
1.027 

Dull  yellow 

Bright    " 
Dull 
Bright    " 

copper  content.  The  effect  this  had  on  the  solution  is  indicated 
in  row  2.  Further  additions  of  copper  were  made  and  the  results- 
obtained  are  given  in  rows  three,  four  and  five.  The  increase  in 
copper  concentration  is  accompanied  by  the  following  changes: 
(1)  the  percentage  of  copper  in  the  deposit  increases,  and  as 
might  be  expected  the  nature  of  the  deposit  becomes  more  satis- 
factory;  (2)  the  potential  of  zinc  decreases,  indicating  an  increase 
in  zinc  ion  concentration;  (3)  the  potential  of  copper  increases, 
indicating  a  decrease  in  the  copper  ion  concentration.  This  de- 
crease in  copper  ion  concentration  is  not  exceptional,  since  in  all 
electrolytes  the  ion  concentration  becomes  less  with  increase  in 
concentration  of  the  electrolyte  beyond  a  certain  point.  This 
phenomenon  in  the  case  of  copper  has  also  been  observed  by 
Spitzer  {loc.  cit.).     Copper  tends  to  form  complex  compounds 
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containing  more  cyanide  than  Na2Cu(CN)3 ;  and  since  the  copper 
complex  is  more  stable  than  the  zinc,  the  latter  will  tend  to  be 
decomposed  in  a  solution  which  contains  both.  This  will  allow 
more  zinc  cyanide  to  dissociate  and  hence  increase  the  zinc  ion 
concentration. 

From  the  table  it  appears  that,  with  a  solution  which  contained 
23.4  g.  of  copper  and  6.7  g,  of  zinc,  a  deposit  of  the  desired 
copper  content  can  be  obtained  with  approximately  100  percent 
anode  and  cathode  efficiencies.  Accordingly,  a  solution  which 
contained  24.0  g,  of  copper  and  6.7  g.  of  zinc  was  prepared,  but 
it  was  found  that  this  solution,  when  boiled  for  a  half  hour,  gave 
a  deposit  of  only  60.0  percent  copper.    All  solutions  prepared  at 


Table  IV. 


Efficiencies 

Per- 

Grams 

Potential  Measurements 

Row 

Anodes 

cent  of   of  Cop- 
Copper  per  per 
in  De-      Liter 
posit     of  Sol. 

With  Current 

Without  Current 

Character 

Cath. 

Anodes 

Cath. 

Anodes 

of  Deposit 

Copper 

Zinc 

Copper 

Zinc 

Copper 

Zinc 

Cath. 

1 
2 

3 

4 

105.5 
107.2 
104.0 
102.8 

117.4 

104.4 
90.8 
96.3 

97.6 

96.4 

100.0 

98.8 

60.1 
67.7 
75.2 
80.9 

24.46 
28.46 
32.46 
37.00 

0.900 
0.874 
0.892 
0.875 

0.878 
0.942 
0.922 
0.942 

1.444 
1.463 
1.388 
1.319 

0.974 

0.963 
0.940 
0.936 

1  076 
1.085 
1030 
1.037 

0.973 
0.987 
0.960 
0.987 

DullYellow 

room  temperature  had  a  characteristic  red-brown  color  which 
was  removed  by  boiling  and  also  by  continued  electrolysis.  From 
these  results  it  appeared  that  there  was  a  close  connection  between 
the  removal  of  the  red-brown  color  and  the  decrease  in  the  per- 
centage of  copper  in  the  deposit,  and  that  the  changes  within  the 
solution,  which  are  responsible  for  the  decrease  in  the  percentage 
of  copper  in  the  deposit,  may  be  brought  about  by  boiling  the 
solution  as  well  as  by  continued  electrolysis.  The  potentials  ob- 
tained in  the  boiled  solution  corresponded  to  those  obtained  in  an 
unboiled  solution  of  lower  copper  content.  This  is  in  agreement 
with  the  results  of  Honig  {loc.  cit.)  who  found  that  the  separa- 
tion potential  of  copper  from  its  cyanide  solution  was  increased 
to  a  marked  extent  by  boiling  the  solution.  The  exact  nature  of 
the  change  produced  is  unknown. 
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These  results  indicated  that  in  order  to  obtain  the  desired  per- 
centage of  copper  in  the  deposit  still  greater  concentrations  of 
copper  were  necessary.  Four  solutions,  containing  respectively 
24.5,  28.5,  32.5  and  37.0  g.  of  copper,  were  prepared  and  boiled 


Table  V. 


Efficiencies 

Per- 
cent of 
Copper 
in  De- 
posit 

Num- 
ber of 
Hours 
Elec- 
tro- 

Potential  Measurements 

Row 

Anodes 

Cath. 

W 

th  Current 

Without  Current 

Character  of 

Anodes 

Cath. 

Ano 

Deposit 

1 

Copper 

Zinc 

Copper 

Zinc 

Copper 

Zinc 

Cath. 

1 

107.0 

85.2 

93.6 

64.0 

2 

0.891 
0.897 
0.903 

0.976 
0.960 
0.980 

1.420 

0.955 
0.979 

1.064 
1.080 

1.000 

Dull  light 

yellow 

2 

105.6 

87.9 

98.4 

64.9 

6 

0.883 
0.883 
0.884 

0.950 
0.950 
0.948 

1.381 

0.956 
0.967 

1.039 
1.051 

0.996 

Dull  yellow- 

3 

105.6 

103.3 

98.5 

65.9 

10 

0.858 
0.864 
0.867 

0.980 
0.963 
0.986 

1.370 

0.941 
0.958 

1.045 
1.032 

0.987 

4 

103.9 

92.2 

99.0 

68.4 

18 

0.873 
0.869 
0.867 

0.956 
0.939 
0.948 

1.365 

0.947 
0.955 

1.030 
1.054 

0.981 

5 

104.1 

93.4 

98.3 

68.2 

34 

0.875 
0.875 
0.879 

0.954 
0.983 
0.978 

1.346 

0.951 
0.957 

1.075 
1.108 

0.983 

6 

104.4 

96.2 

98.1 

63.3 

54 

0.887 
0.890 
0.887 

1.035 
0.985. 
0.959 

1.368 

0.963 
0.973 

1.085 
1.119 

0.997 

7 

105.0 

107.9 

103.3 

50.8 

72 

0.853 
0.841 
0.837 

0.900 
0.869 
0.891 

1.371 

0.935 
0.950 

1.090 
1.107 

1.023 

Bright  yellow 

8 

104.1 

106.0 

104.2 

50.3 

74 

0.847 
0.836 
0.829 

0.805 
0.807 
0.803 

1.358 

0.933 
0.931 

1.100 
1.107 

0.994 

9 

103.2 

108.8 

103.5 

42.1 

88 

0.755 
0.763 
0.770 

0.377 
0.384 
0.389 

1.394 

0.860 
0.891 

1.201 
1.215 

1.195 

"       silver 

color 

previous  to  electrolysis.  All  these  solutions  contained  6.7  g.  of 
zinc  per  liter.  These  solutions  on  electrolysis  gave  the  results 
recorded  in  Table  IV.  The  data  here  given  show  that  an  increase 
in  the  ratio  of  copper  to  zinc  in  the  solution  increases  the  per- 
centage of  copper  in  the  deposit.  A  solution  containing  28.5  g. 
of  copper  per  liter  is  necessary  under  these  conditions  to  give  a 
deposit  containing  65  percent  of  copper. 
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To  determine  whether  or  not  a  sokition  of  this  composition 
was  suitable  for  use  in  the  remainder  of  this  investigation,  two 
samples  were  electrolyzed  for  a  period  of  eighty-eight  hours.  At 
various  stages  in  the  electrolysis  determinations  were  made  of  the 
cathode  and  anode  efficiencies  and  of  the  percentage  of  copper 
in  the  deposit.  The  usual  potential  readings  were  taken.  The 
results  are  recorded  in  Table  V. 

These  results  show  that  a  solution  of  this  composition  gives 
satisfactory  anode  and  cathode  efficiencies  for  a  period  of  about 
fifty  hours.  The  high  copper  anode  efficiencies  may  be  accounted 
for  by  the  solvent  action  of  the  cyanide  on  copper.  The  zinc 
anode  efficiencies  recorded  are  not  as  reliable  as  those  for  copper, 
because  in  nearly  all  cases  copper  deposited  on  the  zinc  anode 
and  decreased  the  accuracy  of  the  results.  The  constancy  of  the 
ion  concentrations  during  this  period  is  indicated  by  the  constancy 
of  the  potential  measurements. 

Satisfactory  bright  yellow  brass  deposits  are  obtained  during 
the  first  fifty  hours.  Later  the  deposits  become  slightly  dull  and 
at  the  end  of  eighty-eight  hours  they  have  a  pink  appearance.  It 
is  noticed  that  even  in  this  solution  the  percentage  of  copper  in 
the  deposit  finally  decreases.  Since,  however,  this  solution  can 
be  relied  upon  to  give  constant  results  for  a  period  of  about  fifty 
hours,  it  is  satisfactory  for  use  in  the  remainder  of  this  work. 

Metal  Content. 

The  influence  of  a  decrease  in  metal  content  of  the  electrolyte 
was  next  determined.  Two  dilutions  were  made ;  one  by  adding 
an  equal  volume  of  water  to  the  original  solution,  and  the  other 
by  adding  an  equal  volume  of  water  to  the  diluted  solution.  The 
usual  potential  measurements  and  efficiency  determinations  were 
made  and  the  data  recorded  in  Table  VI. 

The  potential  measurements  show  that  as  the  solution  is  diluted 
there  is  practically  no  change  in  zinc  ioii  concentration,  but  an 
increase  in  copper  ion  concentration.  The  increase  in  the  degree 
of  ionization  of  the  copper  salt  on  dilution  must  increase  the  cop- 
per ion  concentration  more  than  dilution  decreases  it.  The  in- 
crease in  copper  ion  concentration  would  normally  increase  the 
percentage  of  copper  in  the  deposit,  but  the  increase  in  cathode 
polarization  shows  that  the  metal  ions  are  removed  by  electro- 
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deposition  more  rapidly  than  they  are  furnished  by  dissociation 
in  these  dilute  solutions.  This  results  in  the  deposition  of  rela- 
tively greater  amounts  of  the  more  electro-negative  metal,  zinc. 
In  the  second  dilution,  however,  this  effect  is  overcome  by  the 
more  rapid  increase  in  copper  ion  concentration.  The  increase  in 
cathode  polarization  is  accompanied  by  the  usual  decrease  in 
cathode  efficiency. 

During  the  electrolysis  of  the  dilute  solutions  white  deposits 
of  metal  cyanides  form  on  the  anodes.     This  indicates  that  the 


Table  VI. 


Row 


■Efficiencies 


Anodes 


Copper]    Zinc 


Catli. 


103.2     103.9      97.1 


108.0     108.3      92.2 


68.2 


73.8 


81.3 


cent  of 

Copper 

in  Dc' 

posit 


66.6 


59.5 


61.0 


Con- 
centra- 
tion, 
Origi 
nal 


V2 


Va 


Potential  Measurements 


With  Current 


Anodes 


Copper         Zinc 


0.872 
0.867 
0.869 

0.844 
0.831 
0.830 

0.795 
—0.535 
—0.550 


1.007 
1.000 
1.006 


Cath. 


1.485 
1.495 
1.500 


0.983  1.555 
0.963  '  1.564 
0.930  [  1.550 


Without  Current 


Anodes 


Copper     Zinc 


0.946 

0.976 


0.937 
0.950 


0.915  I  1.619  i  0.900 
-0.760  1.625  !  0.921 
-0.690    1.621 


Cath. 


1.046     1.022 

1.052 ; 


1.135 
1.080 

1.100 
1.140 


0.996 


0.980 


Charactcr 
of  Deposit 


Dull  red 


cyanide  concentration  is  too  low,  and  accounts  for  the  low  anode 
efficiencies.  The  results  obtained  here  are  due  not  only  to  the 
decrease  in  metal  content  but  also  to  the  decrease  in  the  cyanide 
concentration.  It  is  clearly  evident  from  these  results  that  the 
original  solution  is  the  most  satisfactory. 

Current  Density. 

The  original  solution,  when  electrolyzed  at  different  current 
densities,  gave  the  results  recorded  in  Table  VII. 

The  data  show  that  both  the  cathode  efficiency  (Curve  1,  Plate 
I)  and  the  percentage  of  copper  in  the  deposit  (Curve  3,  Plate  I) 
uniformly  decrease  and  that  the  cathode  polarization  (Curve  2,, 


gray 


t 
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Plate  I)  uniformly  increases  with  increase  in  current  density. 
The  potential  measurements  show  that  the  ion  concentrations  re- 
main practically  unchanged.  The  decrease  in  cathode  efficiency 
and  percentage  of  copper  in  the  deposit  are  to  be  expected,  since 


Ahlp-f 


PlaTB  I.     Influence  of  Current  Density. 

1.  Change  in  cathode  efficiency  with  increase  in  current  density. 

2.  Potential   of  copper  anode  with   current  flowing. 

3.  Potential  of  cathode  with  current  flowing. 

an  increased  cathode  polarization  produces  the  deposition  of  rela- 
tively larger  quantities  of  zinc  and  hydrogen.  Neither  a  maxi- 
mum percentage  of  copper  nor  a  minimum  cathode  efficiency, 
such  as  was  obtained  by  Spitzer  {loc.  cit.),  is  here  observed.  This 
is  probably  due  to  the  difference  between  the  metal  content  of 
this  solution  and  that  used  by  Spitzer. 
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The  character  of  the  deposit  becomes  less  satisfactory  with  in- 
crease in  current  density  beyond  0.3  ampere  per  sq.  dm.  of  cathode 
surface.  For  this  reason  a  current  density  of  0.3  ampere  is  used 
in  the  remainder  of  this  work. 

Temperature. 
The  work  of  other  investigators  shows  that  an  increase  in  tem- 
perature increases  the  percentage  of  copper  in  the  deposit  and  the 

TablK  VII. 


Efficiencies 

Per- 
cent of 
Copper 
in  De- 
posit 

Cur- 
rent 
Den- 
sity 
Amp./ 
dm.2 

Potential  Measurements 

Row 

Anodes 

Cath. 

With  Current 

Without  Current 

Character  of 
Deposit 

Anodes 

Cath. 

Anodes 

Cath. 

Copper 

Zinc 

Copper 

Zinc 

Copper 

Zinc 

1 

104.6 

91.4 

100.5 

78.6 

0.2 

0.907 
0.893 
0.894 

0.950 
0.943 
0.937 

1.328 

0.978 
0.966 

1.070 

1.042 

0.991 

Dull  red 

2      102.9 

89.2 

98.2 

64.8 

0.3 

0.852 
0.853 
0.849 

0.941 
0.937 
0.941 

1.440 

0.966 
0.959 

1.091 
1.064 

0.989 

Dull  red,  not 
uniform 

3 

105.8 

97.7 

97.0 

53.8 

0.5 

0.862 
0.858 
0.859 

0.968 
0.949 
0.938 

1.500 

0.983 
0.985 

1.130 
1.082 

1.009 

Dull   gray 

4 

102.0 

112.2 

95.7 

52.9 

0.7 

0.858 
0.858 
0.864 

0.942 
0.954 
0.961 

1.560 

0.984 
0.985 

1.100 
1.056 

1.004 

«        << 

5 

100.9 

101.6 

92.4 

52.1 

1.0 

0.795 
0.791 
0.787 

0.540 
—0.744 
—0.880 

1.651 

0.986 
0.979 

1.097 
1.093 

0.999 

(<                u 

cathode  efficiency.  Since  the  compositions  of  the  solutions  used 
by  them  were  much  different  from  the  one  here  used,  and  since 
no  potential  measurements  were  made,  it  was  considered  desirable 
to  obtain  a  series  of  measurements  at  different  temperatures.  The 
results  are  given  in  Table  VIII. 

It  is  observed  that  with  increase  in  temperature  there  is  a  slight 
gradual  increase  in  the  potentials  of  copper  and  zinc  in  the  solu- 
tion (Curves  1  and  2,  Plate  II).  This  is  probably  accounted  for 
by  the  more  rapid  diffusion  of  the  dissolved  material  away  from 
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the  electrodes  at  higher  temperatures.  The  pronounced  decrease 
in  the  cathode  polarization  with  increase  in  temperature  (Curve 
3,  Plate  II)  probably  results  from  the  rapid  diffusion  of  metal 
ions  to  the  cathode.  Accompanying  the  decrease  in  cathode 
polarization  is  the  usual  increase  in  the  percentage  of  copper  in 
the  deposit  (Curve  4,  Plate  II). 

These  results  are  in  good  agreement  with  those  obtained  by 
Field  {loc.  cit.)  and  others. 


EM.F 


Plate  -II.     Influence  of  change  in  Temperature. 

1.  Potential  of  copper  without  current. 

2.  Potential  of  zinc  without  current. 

3.  Potential  of  cathode  with  current  flowing. 

4.  Change  in  the  percentage  of  copper  in   the  deposit. 


Sodium  Cyanide. 

The  results  obtained  when  sodium  cyanide  was  added  to  the 
solution  are  given  in  Table  IX. 

A  study  of  the  literature  gives  the  impression  that  an  increase 
in  free  cyanide  increases  the  anode  efficiency.  These  results, 
however,  fail  to  show  this  effect.  In  fact,  the  efficiency  of  the 
zinc  anode  tends  to  decrease  with  increase  in  free  cyanide.  As 
the  concentration  of  the  free  cyanide  increases,  the  potentials  of 
the  anodes  and  the  cathode  increase  (Curves  1,  2  and  3,  Plate 
III)  ;  this  indicates  a  decrease  in  metal  ion  concentration.    This 
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decrease  in  metal  ion  concentration  makes  necessary  an  increase 
in  cathode  potential  in  order  to  deposit  the  metals.  The  increase 
in  cathode  potential  causes  the  deposition  of  relatively  larger  quan- 
tities of  hydrogen  and  results  in  a  decrease  in  cathode  efficiency. 
The  percentage  of  copper  in  the  deposit  shows  a  peculiar 
change.  There  is  first  a  decided  decrease,  then  a  gradual  increase  as 
the  concentration  of  free  cyanide  increases  (Curve  4,  Plate  III). 

Table  VIII. 


Efficiencies 

Per- 
cent of 
Copper 
in  De- 
posit 

Tem- 
pera- 
ture 
Cent. 

Potential  Measurements 

Row 

Anodes 

Cath. 

With  Current 

Without  Current 

Character  of 

Anodes 

Cath. 

Anodes 

Cath. 

Deposit 

Copper 

Zinc 

Copper 

Zinc 

Copper 

Zinc 

1 

103.1 

88.0 

98.1 

64.2 

26° 

0.865 
0.868 
0.868 

0.943 
0.960 
0.933 

1.456 

0.960 
0.957 

1.054 
1.043 

0.992 

Dull  red 

2 

105.4 

93.2 

100.2 

80.9 

40° 

0.927 
0.928 
0.936 

0.983 
0.960 
0.962 

1.371 

0.976 
0.982 

1.083 
1.053 

1.023 

Bright  red- 
yellow 

3 

104.8 

72.0 

100.7 

83.9 

50° 

0.958 
0.965 
0.972 

0.991 
0.997 
1.007 

1.327 

1.000 
1.007 

1.070 
1.056 

1.037 

Bright  red- 
yellow 

4 

104.6 

83.7 

99.2 

85.2 

60° 

1.008 
1.006 
1.009 

.984 
1.007 
1.009 

1.253 

1.026 
1.031 

1.056 
1.056 

1.040 

Bright  red- 
yellow 

5 

103.8 

57.7 

99.6 

90.2 

70° 

1.041 
1.039 
1.038 

1.045 
1.044 
1.040 

1.200 

1.046 
1.055 

1.078 
1.078 

1.062 

Bright  red- 
yellow 

This  could  not  be  accounted  for  by  observed  changes  in  potential 
and  was  at  first  thought  to  be  due  to  error  in  analysis.  Two  other 
sets  of  determinations,  the  data  for  which  are  not  given,  showed 
a  similar  behavior.  It  thus  appears  that  there  are  two  concentra- 
tions of  free  cyanide  at  which  a  brass  containing  65  percent  of 
copper  (a  satisfactory  composition)  can  be  obtained  from  this 
solution.  Since  the  lower  cyanide  concentration  gives  a  much 
better  cathode  efficiency  and  an  equally  good  anode  efficiency,  it 
is  the  one  used  in  the  remainder  of  this  work. 


THE  ELECTRO-DEPOSITION  OE  BRASS. 


185 


Acid  Substances. 
The  greater  part  of  the  copper  and  zinc  in  their  cyanide  solu- 
tions is  present  as  Na2Cu(CN)3  and  Na2Zn(CN)4  (F.  Kunchert, 
Zeitsch.  anorg.  Chem.  (1904),  41,  337).  A  study  of  the  various 
possible  equilibria  that  may  exist  in  such  solutions  shows  that 
acid  and  alkaline  substances  may  influence  the  extent  to  which 
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Plate  III.     Influence  of   Sodium  Cyanide, 

1.  Potential  of  copper  anode  witliout  current. 

2.  Potential  of  zinc   anode  without  current. 

3.  Potential  of  cathode  with   current. 

4.  Percentage  of  copper  in  the  deposit. 


the  indicated  reactions  take  place  and  hence  the  metal  ion  con- 
centration in  these  solutions.     (See  next  page.) 

It  is  apparent  that  the  addition  of  alkaline  substances  forces 
reactions  (I  a  2)  and  (II  a  2)  to  the  left;  this  increases  the  con- 
centration of  molecular  sodium  cyanide.  Reactions  {1  a  1)  and 
(II  a  1)  are  then  forced  to  the  right,  increasing  the  concentration 
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of  sodium  and  cyanide  ions.  This  increase  in  sodium  and  cyanide 
ions  from  the  sodium  cyanide  causes  a  decrease  in  the  concen- 
tration of  copper  and  zinc  ions. 

The  addition  of  acid  substances  forces  reactions  {I  a  2)  and 
(II  a  2)  to  the  right  with  the  formation  of  slightly  dissociated 
hydrocyanic  acid,  thus  increasing  the  cyanide  ion  concentration 


Table  IX. 


Efficiencies 

Per- 
cent of 
Copper 
in  De- 
posit 

Grams 
of  Free 

Cyan- 
ide per 

Liter 

Potential  Measurements 

Anodes 

Cath. 

With  Current 

Without  Current 

Charac- 
ter of 

Anodes 

Cath. 

Anodes 

Cath. 

Deposit 

Copper 

Zinc 

Copper 

Zinc 

Copper 

Zinc 

1 

103.2 

103.9 

97.1 

66.6 

7.0 

0.850 
0.870 
0.880 

0.956 
0.965 
0.981 

1.439 
1.435 
1.436 

0.921 
0.955 

1.052 

1.040 

0.989 

Dull  red 

2 

103.6 

87.5 

94.7 

60.4 

12.0 

0.879 
0.882 
0.883 

1.024 
1.009 
1.006 

1.539 
1.542 
1.546 

0.990 
1.002 

1.125 
1.055 

1.035 

"  gray 

3 

103.7 

74.1 

79.6 

62.3 

17.0 

0.943 
0.926 
0.929 

1.060 
1.067 
1.060 

1.595 
1.590 
1.595 

1.057 
1.062 

1.169 
1.142 

1.095 

«        u 

4 

102.7 

86.3 

51.3 

64.8 

22.0 

0.971 
0.960 
0.950 

1.111 
1.105 
1.104 

1.650 
1.642 
1.644 

1.126 
1.111 

1.189 
1.183 

1.146 

II       li 

5 

103.3 

86.5 

38.2 

65.5 

27.0 

1.065 
1.051 
1.013 

1.195 
1.166 
1.130 

1.696 
1.707 
1.712 

1.200 
1.164 

1.245 
1.220 

1.174 

II       l< 

produced  from  the  sodium  cyanide.  This  permits  a  greater  dis- 
sociation of  the  copper  and  zinc  complexes  and  results  in  an  in- 
crease in  the  concentration  of  copper  and  zinc  ions.  It  should  be 
mentioned  here  that,  since  the  stability  of  the  copper  complex  is 
greater  than  that  of  the  zinc  (Kunchert,  loc.  cit.)  the  effects  in 
the  two  cases  are  not  of  the  same  magnitude. 

As  a  result  of  these  considerations  all  the  substances  other  than 
sodium  cyanide  which  have  been  added  to  brass  plating  solutions 
are  arbitrarily  classified  as  acid,  neutral,  or  alkaline.  It  is  believed 
that  their  influence  can  be  explained  by  their  action  as  acid,  neu- 
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tral,  or  alkaline  substances  upon  the  above  equilibria  existing  in 
brass  plating  solutions. 

A  set  of  experiments  was  carried  out  with  each  of  the  three 
acid  substances,  ammonium  chloride,  sodium  hydrogen  sulphite, 
and  boric  acid.    Ammonium  chloride  and  sodium  hydrogen  sul- 


TabIvE  X. 
Sodium  Hydrogen  Sulphite. 


Efficiencies 

Potential  Measurements 

Per- 
cent of 
Copper 
in  De- 
posit 

Grams 

NaHSOs 

per 

Liter 

Row 

Anodes 

Cath. 

With  Current 

Without  Current 

Character 

Anodes 

Cath. 

Anodes 

Cath. 

of  Deposit 

Copper 

Zinc 

Copper 

Zinc 

Copper 

Zinc 

1 

106.9 

106.8 

95.2 

62.6 

0.0 

0.864 
0.876 
0.880 

0.970 
0.967 
0.951 

1.390 

0.952 
0.964 

1.038 
1.049 

0.984 

Dull  Red 

2 

101.6 

111.7 

97.8 

72.3 

5.0 

0.865 
0.868 
0.873 

0  907 
0.917 
0.912 

1.358 

0.942 
0.945 

.985 
1.004 

0.963 

"      " 

3 

103.7 

124.2 

99.1 

77.0 

10.0 

0.858 
0.866 
0.867 

0.883 
0.890 
0.880 

1.307 

0.914 
0.926 

0  981 
0.996 

0.940 

"      " 

4 

105.9 

148.3 

99.0 

80.6 

15.0 

0.841 
0.844 
0.849 

0.860 
0.863 
0.853 

1.220 

0.887 
0.901 

0.924 
0.901 

0.920 

tt              4« 

5 

109.4 

128.3 

99.9 

85.7 

20.0 

0.828 
n.828 
0.830 

0.821 
0.485 
0.153 

1.144 

0.878 
0.883 

0.940 
0.910 

0.899 

" 

6 

111.5 

112.0 

97.1 

96.9 

30.0 

1 

0.797 
0.770 
0.470 

—0.723 
—0.723 
—0.723 

1.082 

0.837 
0.843 

0.899 
0.901 

0.875 

"            \ 

phite  were  selected  because  they  are  the  most  commonly  used  acid 
substances.  Boric  acid  was  used  because  its  action  can  be  only 
that  of  a  weak  acid.  The  results  obtained  by  the  addition  of 
variable  amounts  of  each  of  these  substances  are  recorded  in 
Tables  X,  XI  and  XII. 

The  general  influence  of  the  three  substances  is  the  same. 
Sodium  hydrogen  sulphite  produces  the  greatest  effect  and  ammo- 
nium chloride  the  least.     Since  sodium  hydrogen  sulphite  is  only 
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slightly  acid,  the  effect  observed  here  seems  greater  than  was  to 
be  expected.  This  point  is  given  further  consideration  following 
the  discussion  of  alkaline  substances.  The  potentials  in  all  cases 
show  a  regular  decrease  (Curves  1  and  2,  Plates  IV  and  V), 
which  indicates  an  increase  in  metal  ion  concentration.    This  in- 

Table  XI. 
Ammonium  Chloride. 


Efficiencies 

Per- 
cent of 
Copper 
in  De- 
posit 

Potential  Measurements 

Row 

Anodes 

Cath. 

NH4CI 

Liter 

With  Current 

Without  Cur 
Anodes 

rent 
Cath. 

Character 

Anodes 

Cath. 

of  Deposit 

Copper 

Zinc 

Copper 

Zinc 

Copper 

Zinc 

1 

103.1 

87.6 

97.3 

65.6 

0.0 

0.892 
0.895 
0.891 

0.968 
0.965 
0.966 

1.445 

0.962 
0.973 

1.062 

1.039 

0,994 

Dull  red 

2 

103.1 

58.8 

98.2 

66.3 

3.0 

0.880 
0.882 
0.887 

0.950 
0.950 
0.940 

1.421 

0.967 
0.970 

1.052 
1.038 

0.993 

<■      li 

3 

103.1 

82.9 

97.5 

68.9 

5.0 

0.898 
0.904 
0.9C3 

0.962 
0.958 
0.930 

1.436 

0.959 
0.971 

1.046 
1.034 

0.992 

" 

4 

102.6 

81.9 

98.0 

68.7 

7.0 

0.893 
0.899 
0.903 

0.975 
0.969 
0.935 

1.423 

0.968 
0.973 

1.034 
1.016 

0.996 

5 

92.2 

72.4 

97.8 

71.9 

11.0 

0.909 
0.904 
0.900 

0.903 
0.909 
0.934 

1.400 

0.956 
0.965 

1.011 
1.021 

0.993 

.  «              M 

6 

100.9 

57.0 

97.6 

72.5 

13.0 

0.903 
0.903 
0.902 

0.915 
0.930 
0.921 

1.395 

0.962 
0.970 

0.998 
1.021 

0.998 

crease  in  metal  ion  concentration  is  to  be  expected  from  the  above 
conclusions  regarding  the  influence  of  acid  substances  upon  the 
equilibria  which  exist  in  the  solution.  The  decrease  in  cathode 
polarization  (Curve  3,  Plates  IV  and  V)  is  accompanied  by  the 
customary  increase  in  the  percentage  of  copper  in  the  deposit 
(Curve  4,  Plates  IV  and  V).  It  is  concluded  from  these  results 
that  no  advantage  is  to  be  gained  by  the  addition  of  any  of  these 
substances  to  a  solution  of  the  composition  here  used.    A  solution 
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of  lower  copper  content,  which  normally  gives  a  deposit  too  low 
in  copper,  may  be  made  to  give  a  deposit  of  the  desired  copper 
content  by  the  addition  of  acid  substances. 

Table  XII. 
Boric  Acid. 


Efficiencies 

Per- 
cent of 
Copper 
in  De- 
posit 

Grams 

of 
Boric 
Acid 
per 
Liter 

Potential  Measurements 

Row 

Anodes 

Cath. 

With  Current 

Without  Current 

Character 

Anodes 

Cath. 

Anodes 

Cath. 

of  Deposit 

Copper 

Zinc 

Copper 

Zinc 

Copper 

Zinc 

1 

103.4 

94.6 

97.8 

65.7 

0.0 

0.831 

0.854 
0.857 

0.918 
0.925 
0.975 

1.467 

0.895 
0.925 

1  1.072 
1.063 

0.997 

Dull  red 

2 

102.2 

111.3 

98.4 

67.4 

2.0 

0.846 
0.849 
0.850 

0.940 
0.929 
0.926 

1.468 

0.924 
0.943 

1.014 
1.038 

0.981 

"      " 

3 

99.8 

115.9 

99.2 

67.7 

4.0 

0.856 
0.856 
0.857 

0,920 
0.916 
0.920 

1.460 

0.930 
0.943 

1.028 
1.023 

0.973 

* 

4 

99.2 

117.8 

99.2 

71.2 

8.0 

0.838 
0.838 
0.841 

0.924 
0916 
0.910 

1.458 

0.917 
0.926 

1.017 
1.000 

0.959 

**      « 

5 

100.6 

111.8 

99.4 

71.4 

15.0 

0.830 
0.830 
0.833 

0.884 
0.875 
0.882 

1.432 

0.906 
0.921 

0.994 
1.000 

0.950 

H             ii 

6 

101.2 

115.9 

98.8 

7i.7 

20.0 

0.827     0892 
0  835  ,  0.885 
0.841  i  0.881 

1.412 

0.886 
0.908 

0.977 
0.993  , 

0.938 

.(          « 

7 

98.3 

110.3 

100.6 

78.6 

25.0 

0.845    0.829 
0,845    0.832 
0.845  i  0.825 

1.354 

i 

0.892 
0,910 

0.981 
0.975 

0.931 

•(         « 

Alkaline  Substances. 

The  alkaline  substances  first  used  were  ammonium  hydroxide 
and  sodium  carbonate.  The  results  produced  by  the  addition  of 
variable  amounts  of  each  of  these  substances  to  the  original  solu- 
tion are  recorded  in  Tables  XIII  and  XIV. 

The  increase  in  potential  of  both  coi^per  and  zinc  (Curves  1 
and  2,  Plates  VI  and  VII)   shows  that  the  metal  ion  concentra- 
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tions  decrease  with  increase  in  the  alkahnity  of  the  solution. 
This  decrease  in  metal  ion  concentration  produces  an  increase  in 
cathode  polarization  (Curve  3,  Plates  VI  and  VII)  and  thus  a 
decrease  in  the  percentage  of  copper  in  the  deposit   (Curve  4, 


Table  XIII. 
Ammonium  Hydroxide. 


Efficiencies 

Per- 
cent of 
Copper 
in  De- 
posit 

Equiva- 
lent of 

NH4OH 

per 
Liter 

Potential  Measurements 

Row 

Anodes 

Cath. 

With  Current 

Without  Current 

Character  of 

Anodes 

Cath. 

Ano 
Copper 

des 

Zinc 

Cath. 

Deposit 

Copper 

Zinc 

Copper 

Zinc 

1 

103.8 

95.5 

99.3 

63.9 

0.0 

0.830 
0.846 
0.842 

.975 
.972 
.992 

1.425 
1.435 

0.907 
0.935 

1.090 

1.028 

1.005 

Dull  red 

2 

103.5 

93.4 

98.4 

58.0 

0.15 

0.918 
0.919 
0.916 

1.019 
1.011 
1.007 

1.460    0.968 
1.475    1.005 

1.127 
1.109 

1.021 

Bright  yellow 

3 

103.3 

95.4 

99.6 

55.3 

0.30 

0.894 
0.910 
0.916 

1.045 
1.040 
1.056 

1.468 
1.475 

0.970 
1.008 

1.097 
1.121 

0.986 

i<          <( 

4 

103.2 

95.8 

98.9 

54.6 

0.45 

0.950 
0.945 
0.951 

0.994 
1.018 
l.OOS 

1.481 
1.485 

1.020 
1.031 

1.170 
1.135 

1.011 

«          « 

5 

101.9 

128.9 

99.4 

53.3 

0.60 

0.936 
0.927 
0.924 

1.020 
1.001 
0.965 

1.504    1.021 
1.500  '  1.028 

1.140 
1.198 

1.003 

«          (1 

6 

102.2 

95.7 

99.3 

54.6 

0.75 

0.951 
0.951 
0.949 

1.055 
1.023 
1.014 

1.484    1.028 
1.483    1.032 

1.160 
1.172 

0.991 

«          << 

7 

104.6 

101.3 

99.3 

53.0 

1.05 

0.979 
0.975 
0.948 

1.084 
1.090 
1.041 

1.499    1.059 
1.474    1.047 

1.219 
1.215 

1.056 

<i          « 

Plates  VI  and  VII).  As  is  to  be  expected,  the  influence  of  these 
substances  is  opposite  to  that  of  acid  substances.  Ammonium 
hydroxide  has  a  greater  effect  than  sodium  carbonate,  but  the 
effect  in  both  cases  compared  with  that  of  acid  substances  is  small. 
These  substances  have  a  pronounced  effect  on  the  nature  of  the 
deposit.  A  bright-yellow  deposit  is  obtained  in  both  cases.  As 
the  percentage  of  copper  in  the  deposit  decreases  the  brass  changes 
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from  a  dull  red  to  a  bright  yellow  at  about  58  percent  of  copper, 
and  remains  bright  yellow  throughout  the  determinations.  From 
these  results  it  appears  desirable  to  add  a  small  quantity  of  an 
alkaline  substance  to  the  solution  because  of  the  favorable  in- 
fluence it  has  on  the  nature  of  the  deposit. 

It  was  pointed  out  above  that  sodium  hydrogen  sulphite  pro- 
duces a  greater  effect  than  is  to  be  expected  from  its  acidity.    This 


PwTE  IV.     Influence   of   Sodium   Hydrogen   Sulphite. 

1.  Potential  of  copper  anode  without  current. 

2.  Potential  of  zinc  anode  without  current. 

3.  Potential  of  cathode  with  current. 

4.  Percentage  of  copper  in  the  deposit. 


suggested  that  it  might  have  some  influence  other  than  that  of  an 
acid  substance.  It  was  thought  possible  that  it  might  exert  a 
reducing  effect  on  the  solution  and  thus  influence  the  metal  ion 
concentration.  In  order  to  obtain  more  information  on  this  point 
two  series  of  experiments  were  performed ;  one,  by  the  addition 
of  variable  amounts  of  sodium  hydrogen  sulphate,  and  the  other, 
by  the  addition  of  variable  amounts  of  sodium  sulphite.  Sodium 
sulphite  was  used  to  obtain  the  influence  of  the  sulphite  ion  in 
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the  absence  of  an  acid  substance.  Sodium  hydrogen  sulphate  was 
used  to  obtain  the  influence  of  the  hydrogen  ion  in  the  absence 
of  the  sulphite  ion.  The  results  obtained  by  the  addition  of  these 
substances  to  the  original  solution  are  given  in  Tables  XV  and 
XVI. 

Table  XIV. 
Sodium  Carbonate. 


Efficiencies 

Per- 
cent of 
Copper 
in  De- 
posit 

Equiva- 
lent of 
NazCOs 
per 
Liter 

Potential  Measurements 

Row 

Anodes 

Cath. 

With  Current 

Without  Current 

Character  of 

Anodes 

Cath. 

Anodes 

Cath. 

Deposit 

Copper 

Zinc 

Copper 

Zinc 

Copper 

Zinc 

1       103.0 

89.2 

98.2 

64.8 

0.0 

0.852 

0.853 
0.849 

0.941 

0.937 
0.931 

1.440 

0.966 
0.959 

1.091 
1.064 

0.989 

Dull  red 

2    ]  102.5 

1 

88.4 

98.2 

57.0 

0.094 

0.857 
0.869 
0.878 

0.930 
0.998 
0.988 

1.440 

0.953 
0.969 

1.036 
1.079 

0.999 

"     reddisli 
yellow 

3      102.8 

1 
i 

97.6 

99.4  '  57.62 

r 

0.188 

0.866 
0.874 
0.873 

0.993 
0.957 
0.961 

1.430 

0.966 
0.971 

1.066 
1.079 

0.998 

"      yellow 

4 

1032 

94.8 

99.4 

58.2 

0.282 

0.873 
0.869 
0.869 

0.952 
0.958 
0.962 

1.439 

0.968 
0.972 

1.088 
1.107 

0.998 

Bright     " 

5 

102.0 

94.7 

99.3 

58.0 

0.376 

0.869 
0.866 
0.864 

0.981 
0.972 
0.976 

1.430 

0.984 
0.973 

1.094 
1.133 

1.000 

..      ,. 

6      lOl.S 

89.6 

98.8 

56.8 

0.564 

0.861 
0.855 
0.855 

0.995 
0.979 
0.987 

1.451 

0.996 
0.979 

1.177 
1.099 

1.007 

7 

101.6 

91.7 

98.7 

55.6 

0.752 

0.861 
0.856 
0.853 

1.015 
1.015 
0.997 

1.454 

1.001 
0.998 

1.154 
1.125 

1.004 

The  changes  produced  by  sodium  sulphite  are  slight.  The  only 
observed  effect  is  that  of  an  extremely  weak  base.  This  indicates 
that  the  sulphite  ion  has  no  specific  influence.  Sodium  hydrogen 
sulphate  has  approximately  the  same  effect  as  sodium  hydrogen 
sulphite.  One  would  expect  sodium  hydrogen  sulphate  to  have 
the  greater  effect,  since  in  a  pure  solution  of  sodium  hydrogen 
sulphate  the  hydrogen  ion  concentration  is  distinctly  greater  than 
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in  a  pure  solution  of  sodium  hydrogen  sulphite.  Even  though 
the  influence  of  sodium  hydrogen  sulphite  is  more  pronounced 
than  can  be  accounted  for  by  the  concentration  of  hydrogen  ions 
in  a  pure  solution,  nevertheless  it  appears  to  have  no  influence 
other  than  that  of  an  acid  substance.  In  the  preparation  of  the 
original  solution,  however,  a  quantity  of  sodium  hydrogen  sulphite 
equivalent  to  the  copper  is  beneficial  in  that  it  prevents  the  loss  of 


Plate  V.     Influence  of  Boric  Acid. 
Potential  of  copper  anode  without  current. 
Potential  of  zinc   anode  without  current. 
Potential  of  cathode  with   current. 
Percentage  of  copper  in  the  deposit. 


cyanide  (W.  D.  Bancroft,  Jour.  Phys.  Chem.  (1905),  9,  277). 
It  is  concluded  from  these  results  that  the  changes  produced 
by  any  of  the  acid  substances  may  be  obtained  by  the  addition  of 
a  weak  acid,  and  that  ammonium  hydroxide  may  be  used  in  place 
of  any  of  the  alkaline  substances. 

Neutral  Substances. 

In  the  preparation  of  brass  plating  solutions  the  metal  content 
is  obtained  from  the  chlorides,  nitrates,  sulphates,  acetates,  car- 
bonates, or  oxides  of  copper  and  zinc.  When  sodium  cyanide  is 
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added  to  solutions  of  these  salts  the  sodium  salts  of  these  acids 
are  formed  in  the  solution.  This  is  equivalent,  in  the  case  of 
acetates,  carbonates,  or  oxides,  to  the  addition  of  alkaline  sub- 
stances ;  and  in  the  case  of  chlorides,  nitrates,  or  sulphates,  to  the 


Table  XV. 
Sodium  Sulphite. 


Efficiencies 

Per- 
cent of 
Copper 
in  De- 
posit 

Grams 
NazSOs 

per 
Liter 

Potential  Measurements 

Row 

Anodes 

Cath. 

With  Current 

Without  Current 

Character  of 

Anodes 
Copper!    Zinc 

Cath. 

Anodes 

Cath. 

Deposit 

Copper 

Zinc 

Copper 

Zinc 

1 

103.0 

92.0 

90.2 

63.7 

0.0 

0.857 
0.858 
0.863 

0.903 
0.958 
0.946 

1.493 

0.916 
0.944 

1.021 
1.037 

0.995 

Dull  red 

yellow 

2 

102.5 

90.0 

97.0 

60.5 

5.0 

0.849 
0.851 
0.851 

0.953 
0.943 
0.932 

1.504 

0.934 
0.949 

1.053 
1.051 

0.996 

Slightly  dull 
yellow 

3 

102.3 

97.6 

96.4 

62.7 

10.0 

0.842 
0.847 
0.844 

0.985 
0.973 
0.980 

1.498 

0.943 
0.962 

1.036 
1.042 

0.996 

«     i<     « 

4 

101.7 

95.7 

97.5 

61.9 

15.0 

0.868 
0.870 
0.869 

0.968 
0.964 
0.976 

1.493 

0.953 
0.960 

1.030 
1.038 

0.991 

«       «       u 

5 

100.9 

114.5 

95.4 

61.1 

20.0 

0.833 
0.850 
0.851 

0.921 
0.910 
0.910 

1.500 

0.934 
0.945 

1.033 
1.043 

0.982 

6 

100.3 

106.0 

96.0 

60.8 

25.0 

0.851 
0.857 
0.859 

0.935 
0.936 
0.922 

1.509 

0.940 
0.951 

1.027 
1.049 

0.980 

(1      <i      « 

7 

100.7 

92.5 

96.2 

60.9 

30.0 

0.853 
0.857 
0.855 

0.939 
0.928 
0.917 

1.520 

0.930 
0.935 

1.049 
1.069 

0.979 

addition  of  neutral  substances.  It  was  considered  advisable, 
therefore,  to  determine  whether  these  neutral  salts  influenced  the 
action  of  the  solution.  To  do  this  a  series  of  experiments  was 
performed  in  which  various  quantities  of  sodium  sulphate  were 
added  to  the  original  solution.  The  results  obtained  by  such  addi- 
tions are  given  in  Table  XVII. 
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The  changes  produced  are  so  slight  that  they  are  within  the 
Hmits  of  experimental  error.  These  results  are  to  be  expected 
since  it  appears,  from  the  above  discussion  of  the  equilibria  exist- 
ing in  cyanide  solutions,  that  only  substances  of  an  acid  or  alkaline 
nature  can  influence  the  metal  ion  concentration. 


Table  XVI. 
Sodium  Acid  Sulphate. 


Efficiencies 

Per- 
cent of 
Copper 
in  De- 
posit 

Grams 

XaHSOj 

per 

Liter 

Potential  Measurements 

Row 

Anodes 

Cath. 

With  Current 

Without  Current 

Character  of 

Anodes 

Cath. 

Anodes 

Cath. 

Deposit         J 

Copper 

Zinc 

Copper 

Zinc 

Copper    Zinc 

1 

1 

102.6    104.6 

98.3      62.6 

1 

0.0 

0.874 
0.869 
0.866 

0.932 

0.936 
0.906 

1.496  '  0.944 
1.508    0.945 
1.508 

1.025 
1.020 

0.997 

Dull  red-       " 
yellow 

2 

103.2 

118.8 

98.3     63.7 

2.5 

0.854 
0.853 
0.851 

0.943 
0.915 
0.919 

1.480   0.897    1.021 
1.485  10.926     1.035 
1.479  ! 

0.982 

Dull  red 

3 

102.3 

107.5 

98.3     69.0 

5.0 

0.857 
0.859 
0.856 

0.905 
0.900 
0.900 

1.491    0.902     1.018 
1.474    0.931  i  1.022 
1.471 

0.971 

4 

102.7 

110.9 

98.2  1   75.1 

10.0 

0.866 
0.867 
0.862 

0.892 
0.898 
0.888 

1.431  I  0.889  1  0.972 
1.438    0.916  1  0.989 
1.433  j            i 

0.953 

«       •< 

5 

103.1 

116.9 

99.2 

79.1 

15.0 

0.852 
0.851 
0.851 

0.875 
0.884 
0.888 

1.390  1  0.882 
1.387  '  0.900 
1.385 

0.951 
0.969 

0.930 

6 

101.3 

109.7 

99.5 

80.1 

20.0 

0.831 
0.817 
0.809 

0.853 
0.869 
0.876 

1.371    0.861 
1.361  1  0.885 
1.374 

0.933 
0.976 

0.912 

Brass  as  Anodes. 
In  all  of  this  work  copper  and  zinc  anodes  were  used  to  make 
possible  the  study  of  various  factors  by  the  measurement  of 
single  electrode  potentials.  This  method  of  maintaining  the  metal 
content  of  the  solution,  however,  is  unsatisfactory.  The  zinc  be- 
comes covered  with  a  layer  of  copper  which  interferes  with  its 
normal  behavior.  During  electrolysis  this  deposit  drops  from  the 
electrode  and  collects  as  a  sediment.  Such  action  results  in  an 
uncontrollable  change  in  the  metal  content  of  the  solution. 
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In  an  earlier  experiment  (see  Table  V)  a  solution  was  elec- 
trolyzed  for  a  period  of  eighty-eight  hours.  During  this  time  the 
current  through  each  anode  was  so  regulated  that  the  metals  dis- 
solved and  deposited  in  the  same  ratio.  At  the  end  of  this  time 
analysis  showed  that  the  solution  had  increased  in  metal  content, 
probably  due  to  the  solvent  action  of  the  cyanide,  but  the  zinc  had 
increased  relatively  more  than  the  copper.    This  reduced  the  ratio 


f./y./T 


Plate  VI.     Influence  of  Ammonium  Hydroxide. 

1.  Potential   of  copper  anode  without  current. 

2.  Potential  of  zinc  anode  without  current. 

3.  Potential  of  cathode  with  current. 

4.  Percentage  of  copper  in  the  deposit. 


of  copper  to  zinc  in  the  solution  and  consequently  reduced  the 
percentage  of  copper  in  the  deposit. 

Experiments  were  consequently  performed  to  determine  the 
anodic  behavior  of  brass.  For  this  purpose  brass  anodes,  the  com- 
position of  which  varied  from  62.5  percent  to  85.0  percent  copper, 
were  cast  and  their  efficiencies  of  corrosion  determined.  The 
value  recorded  for  the  efficiency  in  each  case  is  the  average  of  ten 
determinations.    The  results  obtained  are  given  in  Table  XVIII. 
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The  brass  anodes  maintain  their  original  bright  yellow  color 
and  no  sediment  forms  during  the  electrolysis.  The  surface  of 
the  electrodes  remains  smooth  and  there  is  apparently  no  tendency 
for  zinc  to  dissolve  in  preference  to  copper,  as  might  be  expected 
from  the  difference  in  the  solution  pressures  of  these  metals ;  in 


Table  XVII. 
Sodium  Sulphate. 


Efficiencies 

Per- 
cent of 

Copner 
in  De- 
posit 

Grams 
NasSO* 

per 
Liter 

Potential  Measurements 

Anodes 

Cath. 

With  Current          /      Without  Current 

Character  of 

Anodes 

Cath. 

Anodes 

Cath. 

Deposit 

Copper 

Zinc 

Copper 

Zinc 

Copper 

Zinc 

1 

102.3 

95.5 

91.5 

61.4 

0.0 

0.860 
0.854 
0.851 

0.941 

0.947 
0.950 

1.503 
1.502 
1.501 

0.906 
0.932 

1.035 

1.042 

0.991 

Dull  red- 
yellow 

2 

99.4 

98.5 

96.1 

61.7 

5.0 

0.837 
0.840 
0.840 

0.944 
0.948 
0.915 

1.500 
1.493 
1.491 

0.911 
0.929 

1.038 
1.042 

0.983 

Slightly  dull 
yellow 

3 

102.7 

93.0 

97.3 

63.8 

15.0 

0.831 
0.844 
0.845 

0.935 
0.933 
0.900 

1.478 
1.497 
1.493 

0.893 
0.935 

1.042 
1.048 

0.980 

4 

102.3 

107.3 

97.6 

65.3 

25.0 

0.848 
0.847 
0.838 

0.931 
0.950 
0.940 

1.481 
1.479 
•1.479 

0.904 
0.937 

1.052 
1.029 

0.976 

5 

102.6 

103.5 

98.9 

66.2 

35.0 

0.840 
0845 
0.846 

0.934 
0.939 
0.943 

1.453 
1.454 
1.455 

0.906 
0.938 

1.048 
1.047 

0.979 

i 

6 

99.8 

118.6 

99.1 

65.3 

45.0 

0.825 
0.826 
0.828 

0.924 
0.925 
0.925 

1.475 
1.476 
1.466 

0.908 
0.930 

1.025 
1.035 

0.972 

„       \ 

4 


other  words,  brasses  of  the  composition  here  used  dissolve  uni- 
formly as  such.  The  efficiency  of  corrosion  is  in  all  cases  about 
the  same  as  that  of  copper. 

Single  Potential  of  Brass. 

In  all  the  tables  in  which  the  single  potentials  of  copper  and 
zinc  are  given  it  is  observed  that  the  potentials  of  zinc  are  approxi- 
mately 0.1  volt  or  more  greater  than  those  of  copper.    According 
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to  the  theory  of  electro-deposition  it  is  impossible  for  two  metals 
to  be  deposited  simultaneously  when  their  potentials  differ  by  this 
amount.  Some  other  highly  influential  factor,  which  has  not  yet 
been  considered,  must  consequently  be  active  here. 

It  is  a  well-known  fact  that  strongly  electro-negative  metals 
can,  under  certain  conditions,  be  deposited  from  solutions  at 
potentials  much  lower  than  their  equilibrium  potentials.  For  ex- 
ample, sodium  may  be  deposited  from  an  aqueous  solution  of  its 
salts,  provided  mercury  be  used  as  cathode.     This  is  explained 
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Plate  VII.     Influence  of  Sodium  Carbonate. 

1.  Potential   of  copper  anode  without  current. 

2.  Potential  of  zinc  anode  without  current. 

3.  Potential  of  cathode  with   current. 

4.  Percentage  of  copper  in   the  deposit. 


by  assuming  that  sodium  alloys  with  the  mercury,  and  the  result- 
ing alloy  shows  a  low  electrolytic  solution  pressure  for  sodium. 
It  appears  that  some  similar  action  must  take  place  in  the  deposi- 
tion of  brass  from  cyanide  solutions. 

It  is  known  that  zinc  and  copper  do  form  alloys.  The  poten- 
tials which  such  alloys  show  depend  upon  their  nature  and  com- 
position. A.  J.  Allmand  (Principles  of  Applied  Electrochemistry, 
p.  136)  pointed  out  that  the  potentials  of  those  alloys  which  are 
simply  solid  solutions  of  one  metal  in  another  vary  continuously 
with  composition  from  the  potential  of  one  metal  to  that  of  the 
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other.  In  case  the  two  metals  form  a  compound,  it  shows  a  char- 
acteristic potential  which  may  lie  between  the  potentials  of  the 
two  metals  or  may  even  exceed  the  potentials  of  either.  If  the 
alloy  consists  of  a  mixture  of  two  or  more  constituents  the  poten- 
tial which  the  alloy  shows  is  that  of  the  more  electro-negative 
constituent. 

TABI.E  XVIII. 


Percentage  of  Copper 

'        Effic 

ency  of  Corrosion 

62.3 

104  8 

66.2 

105.2 

70.7 

103.8 

76.0 

103.4 

81.4 

103.2  , 

85.0 

104.0 

It  seems  entirely  possible  that  a  thin  film  of  copper  is  first  de- 
posited, and  this  greatly  decreases  the  potential  necessary  for  the 
deposition  of  zinc.  This  depolarization  may  be  so  great  that  the 
simultaneous  deposition  of  the  two  metals  takes  place  from  solu- 
tions in  which  their  single  potentials  are  not  the  same.  The  two 
metals  thus  deposited  form  an  alloy,  the  potential  and  other  prop- 
erties of  which  depend  upon  its  nature  and  composition. 

In  order  to  obtain  some  information  on  the  potentials  of  brasses 
formed  in  this  way,  ten  samples  of  brass,  the  composition  of 
which  ranged  from  Z7.6  to  82.0  percent  of  copper,  were  prepared 
by  varying  the  acidity  of  the  stock  solution.  The  potentials  of 
these  brasses  were  then  measured  in  the  original  solution  and  the 
data  recorded  in  Table  XIX. 


TABI.E  XIX. 

Percent  of  Copper 

Potential 

37.6 

1.005 

56.7 

0.925 

62.3 

0.928 

66.0 

0.917 

69.5 

0.978 

72.2 

0.979 

79.1 

0.984 

82.0 

0.990 

Pure  Copper 

0.914 

Pure  Zinc 

1.080 

It  is  seen  from  this  table  that  the  potential  decreases  to  a  mini- 
mum with  increase  in  copper  to  66.0  percent  and  then  increases. 
Since  a  brass  deposit  which  contains  66.0  percent  of  copper  is  the 
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most  satisfactory,  there  may  be  some  relation  between  this  low 
potential  and  the  nature  of  the  deposit.  The  potentials  of  these 
brasses  lie  between  the  single  potentials  of  copper  and  zinc  in  the 
same  solution  and  most  of  them  are  much  nearer  the  potential  of 
copper  than  the  potential  of  zinc.  These  results  lead  one  to 
believe  that  the  alloys  formed  by  electro-deposition  are  solid  solu- 
tions of  a  compound  of  copper  and  zinc  in  copper.  Further  ex- 
periments of  this  kind  would  doubtless  afford  valuable  informa- 
tion regarding  the  exact  nature  of  copper-zinc  alloys. 

Summary. 

As  a  result  of  this  work  the  following  statements  may  be  made : 

(1).  Increase  in  the  ratio  of  copper  to  zinc  in  the  solution 
increases  the  percentage  of  copper  in  the  deposit.  A  solution  in 
which  the  ratio  of  copper  to  zinc  is  4.2  gives  a  deposit  of  about 
65  percent  copper  (ratio  1.9). 

(2)  Solutions  of  high  metal  content  are  more  satisfactory 
than  dilute  solutions.  A  solution  containing  thirty-five  grams  of 
metal  per  liter,  in  the  above  ratio,  gives  satisfactory  deposits. 

(3)  Increase  in  temperature  decreases  cathode  polarization 
and  consequently  increases  the  percentage  of  copper  in  the  deposit. 

(4)  Increase  in  current  density  produces  a  gradual  decrease 
in  the  percentage  of  copper  in  the  deposit.  At  current  densities 
greater  than  0.3  ampere  per  sq.  dm.,  the  deposit  becomes  granular, 
non-adherent,  and  dull  in  color. 

(5)  Increase  in  free  cyanide  does  not  increase  anode 
efficiency,  but  does  decrease  cathode  efficiency.  Its  influence  on 
the  percentage  of  copper  in  the  deposit  is  variable. 

(6)  Slightly  acid  substances  increase  the  percentage  of  copper 
in  the  deposit.  A  weak  acid  may  be  used  in  place  of  any  of  the 
acid  substances  that  have  been  recommended. 

(7)  Slightly  alkaline  substances  decrease  the  percentage  of 
copper  in  the  deposit.  The  presence  of  slightly  alkaline  substances 
is  beneficial  in  that  it  improves  the  appearance  of  the  deposit. 

(8)  Neutral  substances  have  no  influence  on  the  deportment 
of  the  cyanide  brass  plating  solution. 

14 
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(9)  Brasses  which  vary  in  composition  from  62,3  to  85.0  per- 
cent of  copper  dissolve  as  such  anodically.  The  efficiency  of  cor- 
rosion is  about  the  same  as  that  of  copper. 

(10)  Decided  depolarization  of  zinc  by  copper  takes  place  and 
makes  possible  the  deposition  of  brass  from  solutions  in  which 
the  potentials  of  the  two  metals  are  not  equal, 

(11)  Electro-deposited  brasses  which  vary  in  composition 
from  37.6  to  82.0  percent  copper  give  nearly  the  same  potentials 
in  a  plating  solution.  These  potentials  are  nearer  to  that  of 
copper  than  to  that  of  zinc.    • 

The  writer  wishes  to  express  his  sincere  appreciation  for  the 
kind  advice  and  instruction  during  the  progress  of  this  work  and 
for  the  criticism  of  the  thesis  rendered  by  Dr.  Alfred  L.  Fergu- 
son, at  whose  suggestion  and  under  whose  supervision  this  inves- 
tigation was  carried  out. 

To  Professor  S.  Lawrence  Bigelow,  for  his  most  valuable  criti- 
cism of  this  thesis,  sincere  thanks  are  also  due. 

Chemical  Laboratory, 
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DISCUSSION. 


Wm.  Blum^  :  If,  as  indicated  in  the  remarks  of  Dr.  Ferguson, 
the  solutions  were  prepared  by  the  addition  of  sodium  cyanide  to 
sulphates  of  copper  and  zinc,  the  statement  on  p.  174  that  no  con- 
stituents other  than  complex  cyanides  were  present  is  misleading, 
since  an  equivalent  of  sodium  sulphate  must  also  have  been 
formed.  It  is  therefore  at  least  not  certain  that  the  conclusions 
reached  would  apply  also  to  baths  containing  only  the  double  cy- 
anides, made  by  the  solution  in  sodium  cyanide  of  the  cyanides 
of  zinc  and  copper,  such  as  are  actually  employed  in  the  prepar- 
ation of  electroplating  baths. 

One  of  the  most  uncertain  analytical  control  methods  in  brass 

'   Chemist,  Bureau  of  Standards,  Washington,   D.  C. 
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(or  cyanide  copper)  plating,  is  the  determination  of  the  "free" 
cyanide  or  even  of  the  total  cyanide  content,  since  the  results  ob- 
tained by  direct  titration  are  at  best  only  an  approximation.  This 
subject  is  greatly  in  need  of  study.  However  it  would  be  at  least 
interesting  if  Dr.  Ferguson  could  include  some  figures  even  if  only 
approximate,  for  the  free  cyanide  content  of  the  solutions  as  pre- 
pared, after  the  boiling  and  after  operation  for  considerable  per- 
iods, in  order  to  throw  light  upon  the  changes  which  take  place 
during  operation.  Qualitatively,  such  changes  might  be  fol- 
lowed by  the  determination  of  carbonates,  which  are  the  principal 
final  decomposition  product  of  cyanides. 

It  should  be  noted  that  all  the  deposits  were  made  upon  plat- 
inum, in  order  to  facilitate  their  subsequent  analysis.  It  would 
be  desirable  to  analyze  similar  deposits  made  upon  iron,  to  deter- 
mine whether  the  base  metal  has  an  appreciable  influence,  as 
may  well  be  the  case  when,  as  Dr.  Ferguson  points  out,  polariz- 
ation phenomena  are  involved. 

The  universities  are  to  be  commended  for  undertaking  such 
studies  upon  electrodeposition  and  its  commercial  applications, 
since  there  is  today  so  great  a  need  and  demand  for  information  in 
this  field.  In  the  conduct  of  such  investigations  every  effort 
should  be  made  to  correlate  the  work  and  results  with  actual  plat- 
ing practice ;  in  short  we  should  start  out  with  and  add  to  the  in- 
formation which  is  now  possessed  by  the  practical  platers.  There 
is  all  too  great  a  tendency  among  chemists  to  lay  stress  upon  those 
statements  regarding  electrodeposition  which  are  found  in  the 
scientific  literature  or  in  hand  books  on  plating,  and  to  ignore 
that  large  fund  of  valuable  experience  possessed  by  practical  plat- 
ers, who  usually  are  unable  to  express  their  information  in  scien- 
tific language.  Brass  plating,  for  example,  is  not  a  laboratory 
operation,  but  a  process  conducted  in  500  or  more  plants  in  the 
United  States.  It  is  carried  out  successfully  in  the  sense  that 
most  of  the  time  the  men  can  "deliver  the  goods".  It  is  not 
carried  out  successfully  in  the  sense  that  the  operators  know  or 
understand  its  underlying  principles,  or  are  able  to  get  uniformly 
satisfactory  results,  or  to  at  once  remedy  difficulties  that  may 
arise.  Such  knowledge  can  be  gained  only  through  exhaustive 
and  fundamental  scientific  studies,  but  much  time  can  be  saved  by 
taking  into  account  what  the  plater  has  already  learned. 
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Formerly  such  co-ordination  was  no  doubt  hindered  by  the  se- 
cretiveness  of  platers.  This  condition  has  passed  however,  and 
I  can  state  from  personal  experience  that  the  American  Electro- 
Platers'  Society  (which  is  a  sort  of  younger  brother  of  this 
organization)  will  co-operate  gladly  in  such  work.  I  would 
therefore  suggest  that  persons  desiring  to  study  electroplating 
problems  should  consult  with  platers  in  their  vicinity,  and  if  pos- 
sible affiliate  with  one  of  the  numerous  branches  of  the  Amer- 
ican Electro-Platers'  Society  and  exchange  views  with  them. 

The  Bureau  of  Standards  is  trying  to  do  some  work  in  this 
field,  but  with  present  resources  it  is  not  possible  for  us  to  meet 
the  great  need.  The  co-operation  of  educational  institutions  is 
greatly  needed.  If  in  any  way  we  can  serve  as  a  clearing  house 
between  chemists  and  platers,  and  bring  them  into  closer  associa- 
tion, we  will  be  glad  to  do  so. 

W.  R.  MoTT'-:  The  point  has  been  brought  out  that  there  is 
a  possibility  of  a  special  alloy  between  copper  and  zinc  that  lowers 
the  zinc  potential.  In  a  paper  by  Dr.  H.  E.  Patton  and  myself^ 
it  was  proved  that  low  potentials  of  the  zinc  with  copper  were 
due  to  the  high  heats  of  formation  of  their  alloys.  (At  the 
percentage  ZuoCu,  that  is  66  atoms  percent  of  zinc,  the  heat 
of  formation  of  the  alloy  is  a  maximum.)  This  large  heat  of 
formation  is  the  fundamental  reason  why  you  have  a  readjustment 
of  the  energy,  which  must  be  of  single  potential  voltage  because 
Faraday's  law  fixes  the  current  component  of  the  energy. 

G.  B.  HoGABOOM'* :  Dr.  Blum  has  spoken  of  the  technical  side 
and  my  being  a  commercial  plater  compels  me  to  take  the  stand- 
point of  the  application  of  brass  plating  to  commercial  needs. 
I  agree  thoroughly  with  Dr.  Blum  that  it  would  be  far  better  to 
obtain  a  formula  for  a  brass  solution  from  a  practical  plater 
who  operates  a  brass  solution  daily  rather  than  to  go  to  the  pub- 
lished literature.  Not  one  of  you  would  think  of  going  to  some- 
thing published  50  years  ago  for  methods  of  analysis,  neither 
should  anyone  investigating  electro-plating  problems  depend  upon 
formulae  that  are  given  in  text  books  twenty,  thirty  or  fifty  years 
old. 

*  National   Carbon  Co.,   Cleveland,  Ohio. 

»  Single    Potentials    of    Zinc    in    Aqueous    Solution,    Trans.    Am.    Electrochem.    See. 
(1903),  3,  342. 

*  Research   Electroplate!,    Scovill    Mfg.   Co.,   Waterbury,   Conn. 
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Dr.  Ferguson  has  not  told  the  entire  story  in  his  paper,  and 
some  of  the  results  given  are  not  justified  in  the  light  of  what  has 
been  brought  out  in  the  discussion.  If  the  brass  solution  had 
been  analyzed  after  boiling,  he  would  have  found  that  some  of 
the  sodium  cyanide  had  been  decomposed  into  sodium  carbonate. 
If  he  had  added  sodium  carbonate  to  the  solution  when  freshly 
made  the  same  result  would  have  been  had  as  obtained  after 
boiling. 

He  states  that  he  used  cyanide  of  sodium  and  a  cyanide  of 
metals  in  making  his  solution,  yet  admits  that  the  sulphates  of 
copper  and  zinc  were  used.  In  such  a  case  sodium  sulphate  would 
be  present  and  would  materially  affect  the  anode  and  cathode 
efficiency,  and  therefore,  the  figures  given  for  those  anode  and 
cathode  efficiencies  cannot  be  relied  upon  unless  it  is  taken  in 
consideration  that  the  sulphate  salts  were  present. 

There  should  be  a  definition  made  of  the  word  "corrosion", 
or  rather  an  explanation  of  what  "corrosion"  means.  To  corrode 
iron  one  expects  an  oxide  of  iron.  To  corrode  lead  by  electro- 
lysis the  oxide  of  lead  is  obtained.  In  both  of  these  corrosions 
the  materials  obtained  are  oxides  of  the  metals,  and  in  electro- 
plating this  is  not  required.  The  corrosion  of  anodes  really  means 
how  much  of  the  metal  goes  into  the  solution  and  replaces  that 
which  has  been  drawn  from  the  solution  and  is  deposited  upon 
the  cathode.  The  sludge  which  is  formed  on  the  anode  and  falls 
to  the  bottom  of  the  tank  is  useless,  and  the  loss  of  metal  from 
such  a  corrosion  should  not  be  considered  as  anode  efficiency. 

The  deposits  from  brass  solutions  are  judged  more  by  their 
color  than  by  their  composition.  There  is  a  distinct  difference 
in  color  between  a  cast  or  rolled  brass  and  an  electrolytically  de- 
posited brass.  It  will  be  found  that  an  electrolytic  brass  contain- 
ing approximately  80  percent  copper  and  20  percent  zinc  has 
a  color,  upon  finishing,  almost  identical  with  a  rolled  brass  of 
64  percent  copper  and  36  percent  zinc.  Color  is  a  prime  object 
of  the  brass  electro-platers  and  when  investigations  are  made  of 
brass  solutions  this  should  be  kept  in  mind. 

I  wish  to  state  that  members  of  the  American  Electro-Platers' 
Society  stand  ready  and  willing  to  offer  any  assistance  that  they 
can  to  any  investigator  of  electro-plating  problems,  and  in  my 
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opinion  it  would  be  far  better  for  any  investigator  to  go  to  a 
practical  plater  or  write  to  several  of  them,  and  learn  their  meth- 
ods and  obtain  samples  of  their  work  and  some  of  their  solutions 
for  analysis  rather  than  to  depend  upon  what  has  been  published 
in  text  books.  We  stand  ready  to  give  the  members  of  the  Elec- 
trochemical Society  all  the  service  possible,  and  it  is  up  to  them 
to  ask.  It  is  only  by  such  co-operation  that  the  technical  and 
practical  men  can  be  brought  together  and  bring  about  results  that 
will  be  commercially  useful. 

A.  L.  Ferguson  (Communicated)  :  Both  Dr.  Blum  and  Mr. 
Hogaboom  have  pointed  out  that  the  original  solution  contained 
some  sodium  sulfate  resulting  from  the  reaction  of  the  sulfates  of 
copper  and  zinc  on  sodium  cyanide,  and  the  question  was  raised 
whether  the  baths  with  this  sodium  sulfate  present  might  behave 
differently  from  what  they  would  had  the  sodium  sulfate  not  been 
present.  It  would  undoubtedly  have  been  better  to  have  avoided 
this  difficulty  by  using  the  cyanides  of  the  metals ;  but  I  feel 
confident  that  the  sodium  sulfate  present  introduced  no  errors, 
since  from  theoretical  considerations  it  should  not  and  it  was 
shown  experimentally  that  further  additions  of  sodium  sulfate 
even  up  to  45  grams  per  liter  produced  no  measurable  changes  in 
the  properties  of  the  bath. 

In  the  discussions  by  Dr.  Blum  and  Mr.  Hogaboom  much  em- 
phasis was  laid  on  the  topic  of  co-operation  between  the  practical 
platers  and  the  research  workers  in  our  educational  institutions, 
and  I  feel  that  it  was  insinuated  that  such  co-operation  was  not 
sought  in  the  present  work.  If  such  an  opinion  exists,  I  sincerely 
hope  I  may  correct  it,  as  the  principle  of  co-operation  between  the 
industrial  world  and  the  research  laboratories  is  one  concerning 
which  I  have  a  strong  feeling.  The  movement  toward  such  co- 
operation meets  most  heartily  with  my  approval. 

I  fully  recognized  that  it  would  be  highly  desirable  to  make  use 
of  the  large  fund  of  valuable  information  which  has  been  accumu- 
lated by  the  practical  platers  who  have  been  able  to  "deliver  the 
goods".  I  hoped  to  secure  samples  of  a  large  number  of  plating 
solutions  which  were  giving  satisfaction  and  also  any  which  were 
not,  together  with  samples  of  brass  from  each.  With  these  as 
a  starting  point,  I  felt  we  might  carry  out  some  experiments  which 
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would  develop  the  theories  underlying  the  behavior  of  brass  plat- 
ing baths.  With  this  object  in  mind,  I  became  affiliated  with  the 
Detroit  branch  of  the  American  Electro-Platers'  Society.  I  at- 
tended several  of  their  meetings  and  became  much  interested 
in  the  work  these  men  are  doing,  I  admire  and  envy  the  man  who 
can  go  into  the  factory  and  get  results.  I  was  given  an  oppor- 
tunity to  tell  them  what  we  planned  to  do  and  asked  for  their  co- 
operation and  specified  the  nature  of  co-operation  desired. 

The  editor  of  the  monthly  publication  of  the  American  Electro- 
Platers'  Society  very  kindly  gave  considerable  prominence  in  that 
publication  to  a  general  request  which  I  sent  out  for  samples  of 
brass-plating  solutions  and  brasses  obtained  from  them.  I  wrote 
to  Mr.  Hogaboom  describing  what  we  intended  to  do  and  asked 
for  suggestions  and  samples. 

In  response  to  these  efforts  at  co-operation  we  received  not  one 
formula,  sample  of  solution,  or  sample  of  brass.  Our  only  re- 
course then  was  to  consult  the  recent  literature  and  supposed 
authorities.  No  one  regrets  that  this  was  the  situation  more  than 
myself. 

It  is  one  thing  to  state  that  you  approve  of  co-operation  and 
quite  another  to  assume  the  responsibility  of  actively  responding 
to  an  appeal  for  such  co-operation  when  it  is  sent  out. 
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By  F.  W.  Skirrovv^  and  E.  R.  Stein. 2 

Abstract. 

The  literature  is  briefly  abstracted,  followed  by  results  of  ex- 
perimental decomposition  of  sulphuric  acid,  sodium  or  potassium 
acid  sulphate  solutions.  The  current  efficiencies  with  which  per- 
sulphuric  acid  was  formed  were  about  the  same  in  all  three 
solutions.  Platinum  was  the  only  successful  anode  material.  Dis- 
tillation of  persulphuric  acid  to  form  hydrogen  peroxide  was  not 
successfully  performed;  distillation  of  potassium  persulphate, 
once  re-crystallized,  gave  reasonably  high  yields  of  hydrogen  per- 
oxide. In  the  case  of  persulphuric  acid  or  sodium  persulphate 
solutions,  extremely  rigorous  purification  of  the  solution  would 
be  necessary  to  remove  suspended  catalytic  impurities  before  pro- 
ceeding to  the  distillation.     [J.  W.  R.] 


The  following  paper  contains  an  account  of  some  experiments 
which  were  carried  out  with  the  object  of  testing  the  current 
efficiencies  attainable  in  some  of  the  well-known  methods  for  the 
production  of  persulphuric  acid  and  persulphates,  and  the  yield  of 
hydrogen  peroxide  which  can  be  obtained  by  the  subsequent  de- 
composition of  these  bodies  as  so  produced. 

Persulphuric  acid  was  discovered  by  Berthelot,  and  its  salts  first 
prepared  by  Marshall  (Trans.  Chem.  Soc,  1891,  59,  771).  The 
production  of  persulphates  has  received  much  attention,  particu- 
larly by  Elbs  and  Schonherr  (Zeit.  Elektrochem.,  1896,  2,  245) 
and  Miiller  and  Friedberger  (Zeit.  Elektrochem.,  1902,  8,  230). 
The  Consortium  fiir  Elektrochemische  Industrie  have  patented 
methods  for  the  production  of  persulphuric  acid  by  electrolysis  of 
sulphuric  acid  of  sp.  gr.  1.3-1.5   (German  Patents  216538  and 

*  Manuscript  received  August  5,   1920. 

*  Research  Chemists,  Shawinigan  Laboratories,  Limited,  Shawinigan  Falls,  Quebec, 
Canada. 
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217539  of  1905,  British  Patent  23548  of  1910).  In  the  latter 
patent,  hollow  cooled  anodes  are  recommended.  It  is  claimed 
that  the  temperature  of  the  electrolyte  may  even  become  17°-25° 
with  advantage,  provided  the  anode  itself  be  cooled  down  to  a 
sufficiently  low  temperature. 

Hydrogen  peroxide  is  technically  prepared  from  persulphuric 
acid  or  the  persulphates  by  distillation  with  sulphuric  acid  under 
reduced  pressure.  Thus  Elbs  (Zeit.  fiir  Elektrochem.,  1895,  1, 
471)  showed  that  when  persulphuric  acid  was  distilled  with  sul- 
phuric acid  under  reduced  pressure,  hydrogen  peroxide  resulted, 
but  that  considerable  losses  of  oxygen  took  place.  The  causes  of 
this  loss  were  traced  by  Price  and  Friend  (J.  Chem.  Soc,  85, 
1526)  to  the  effect  of  traces  of  catalyst  in  the  mixture  of  hydrogen 
peroxide  and  persulphuric  acid,  or  Caro's  acid. 

In  order  to  prevent  the  losses  on  distillation  due  to  these  cata- 
lytic impurities,  Teichner  (U.  S.  P.  916900,  1909)  electrolyzes 
sulphuric  acid  to  form  persulphuric  acid,  using  in  the  anode 
chamber  a  small  auxiliary  cathode,  through  which  a  small  fraction 
of  the  current  is  allowed  to  pass,  and  which  brings  about  the 
deposition  of  the  disintegrated  or  dissolved  platinum  which  would 
otherwise  cause  the  hydrogen  peroxide  to  decompose  on  distilla- 
tion. Lowenstein  (U.  S.  P.  1013791,  1912)  describes  a  con- 
tinuous process  of  distillation  which  rapidly  separates  the  hydro- 
gen peroxide  from  the  impure  solution  and  does  not  allow  the 
incoming  solution  to  be  further  contaminated  by  the  catalyst  in 
the  spent  liquor  flowing  out  of  the  apparatus. 

Pietzsch  and  Adolph  (Br.  Pat.  23158,  1910)  eliminate  the  effect 
of  impurities  in  a  different  way.  Instead  of  using  persulphuric 
acid  as  the  medium,  they  prepare  potassium  persulphate  electro- 
lytically  and  eliminate  the  impurities  by  crystallization.  The 
potassium  persulphate  is  then  decomposed  by  sulphuric  acid,  the 
KHSO^  formed  being  filtered  off  from  the  resulting  solution  of 
hydrogen  peroxide.  In  this  way  they  claim  to  obtain  a  30  percent 
solution  with  almost  theoretical  yield.  The  reactions  which  take 
place  are  the  following: 

(1.)     K^S^Og  -f  H2SO4  -^  KoS^O^  -^  H2SO5 
(2.)     H2SO5  -\-  H^O       ->  H2SO4  -f  H2O2 
(3.)     K,S,0,  4-  H.O      -^  2KHSO, 
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Pietzsch  and  Adolph  (B.  P.  23660,  1910)  further  describe  a 
method  in  which  the  re-crystalHzed  potassium  persulphate  is  di- 
rectly distilled  in  vacuo  with  sulphuric  acid,  in  which  case  the 
liberated  hydrogen  peroxide  is  distilled  off  as  fast  as  formed,  and 
so  does  not  react  with  persulphuric  acid  or  Caro's  acid  with  loss 
of  oxygen,  according  to  the  equations 

(1.)     H^SoOs  +  H^O-.  -^  2H2SO,  +  O, 

(2.)     H,sb,  +  H,0,   -^  H,SO,  +  H,6  +  O, 

Recently  Levin  (U.  S.  P.  1299485,  1919)  has  patented  a  method 
for  the  production  of  hydrogen  peroxide  through  the  medium  of 
sodium  persulphate  obtained  by  electrolysis  of  sodium  bisulphate. 
Sodium  persulphate  differs  from  potassium  persulphate  in  being 
very  much  more  soluble  in  water.  In  this  case  re-crystallization 
is  not  feasible,  owing  to  high  solubility  of  the  sodium  persulphate. 
The  suspended  impurities  are  gotten  rid  of  by  filtering  through 
porous  earthenware  slabs,  the  electrolyte  being  periodically  treated 
with  HgS  to  remove  dissolved  platinum  or  lead.  It  is  pointed  out 
that  on  distillation  of  sodium  or  potassium  persulphate  with  sul- 
phuric acid,  the  hydrolysis  forming  hydrogen  peroxide  is  much 
slower  than  in  the  case  of  persulphuric  acid,  thus  allowing  the 
hydrogen  peroxide  to  distill  off  as  fast  as  formed  and  largely 
eliminating  the  decomposition  due  to  the  interaction  of  both  per- 
sulphuric acid  and  Caro's  acid. 

PRELIMINARY  EXPERIMENTS. 

Attempts  were  first  made  to  electrolyze  sulphuric  acid  without 
the  use  of  a  diaphragm.  These,  however,  resulted  in  low  effi- 
ciencies, and  were  abandoned  in  favor  of  the  use  of  a  porous  clay 
anode  cell.  Attempts  were  also  made  to  get  away  from  the 
necessity  of  using  a  platinum  anode,  the  cathode  in  all  cases  con- 
sisting of  a  lead  plate.  The  following  substitutes  were  tried  for 
the  platinum  anode:  Gold,  lead  peroxide  (Plante  accumulator 
plate),  lead  peroxide  deposited  on  platinum,  fused  FejOi,  man- 
ganese dioxide  deposited  on  platinum,  platinum  plated  on  copper 
which  had  first  received  a  deposit  of  gold.  Gold  was  found  to  be 
entirely  too  easily  attacked.  The  lead  peroxide  invariably  dis- 
solved in  the  persulphate  formed  and  precipitated  as  lead  sulphate. 
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The  FcgO^  went  readily  into  solution,  whilst  the  platinum  plated 
on  gold  and  copper  revealed  the  presence  of  minute  pores,  allow- 
ing attack  on  the  gold  and  copper  base  and  speedily  bringing 
about  disintegration  of  the  deposit.  The  manganese  dioxide  was 
without  effect  on  the  efficiencies,  and  suggested  the  possibility  of 
a  compact  electrode  of  this  material.  (See  also  Laurie,  Chem. 
Trade  J.,  1919,  64,  453;  C.  A.,  1919,  13,  1904.)  As  no  such 
material  was  available  at  the  time,  recourse  was  therefore  had 
in  the  following  experiments  to  the  use  of  a  polished  platinum 
anode. 

PREPARATION  OF  PERSULPHURIC  ACID. 

The  experiments  on  persulphuric  acid  were  carried  out  in  a 
small  cell  which  consisted  of  a  porous  anode  compartment  of 
about  500  c.c.  capacity  immersed  in  the  electrolyte  contained  in  a 
beaker,  the  beaker  being  cooled  externally  and  the  anode  com- 
partment cooled  internally  by  means  of  a  glass  coil.  The  anode 
consisted  of  a  platinum  plate  of  20  sq.  cm.  area,  except  in  the  case 
in  which  the  anode  itself  was  cooled,  when  a  platinum  crucible  was 
used  carrying  a  stopper  with  inlet  and  outlet  tubes  for  the  cooling 
liquid. 

The  following  tables  give  typical  results  obtained: 


Table  I. 

The  cell  was  cooled  externally  with  ice  and  salt,  and  the  anode  cooling 
coil  with  circulating  cold  brine.  The  plate  electrode  was  used.  Current 
density  51  amp.  per  sq.  dm.     Average  temp.  11°  C.    Anode  volume  ^Vo  c.c. 


Time 
hr.  min. 

Voltage 

Amperes 

Total  Wt. 

HgSoOa 

Gr. 

wt.  HjSaOg 

per  100  c.c 
sol.  gr. 

Percent 
H2S2O8 
by  wt. 

Amp.  Eff. 
Percent 

n: 

8.20 

10.40 

0:15 

8.25 

10.20 

6.i4 

2.23 

1.55 

66.40 

0:30 

8.29 

10.16 

12.37 

4.53 

3.16 

66.40 

0:45 

8.35 

10.08 

18.55 

6.80 

4.75 

66.90 

1:00 

8.34 

10.13 

23.50 

8.65 

6.05 

63.60 

1:15 

836 

10.11 

27.90 

10.30 

7.20 

60.75 

1:30 

8.40 

10.17 

30.54 

11.30 

7.90 

54.80 

1:45 

8.46 

10.17 

34.08 

12.66 

8.81 

52.30 

2:00 

8.47 

10.20 

35.77 

13.31 

9.31 

48.10 

2:15 

8.48 

10.18 

37.45 

14.01 

9.80 

44.70 

2:30 

8.47 

10.16 

37.92 

14.22 

9.95 

40.70 

2:45 

8.46 

10.20 

38.85 

14.65 

10.25 

37.90 

3:00 

8.45 

10.20 

38.70 

14.64 

10.24 

34.90 
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Table  II. 

The  cell  was  cooled  in  ice  water,  and  the  hollow  cooled  electrode  used, 
through  which  ice  water  was  circulated.  The  electrolyte  was  the  same  as 
in  Table  I.  Current  density  66  amp.  per  sq.  dm.  Average  temp.  17°  C. 
Anode  volume  400  c.c. 


Time 
hr.  min. 

Av. 
Amp. 

Av. 

Volts 

HjSzOg 
by  analysis 
Gr. 

HaSsO, 

per  100  c.c 
sol.  gr. 

Percent 
H2S2OS 
by  wt. 

Theor. 
H2S2O8 

Amp. 
Eflf. 

0: 

60 

7.2 

0:15 

6.1 

7.4 

2.13 

0.53 

0.36 

5.56 

38.4 

0:30 

6.1 

1.Z 

7.34 

1.83 

1.29 

11.19 

61.6 

0:45 

6.05 

72 

10.88 

2.71 

1.91 

16.68 

64.9 

1:00 

6.0 

72 

13.67 

J. 44 

2.42 

22.05 

62.1 

1:15 

6.0 

7.1 

17.15 

4.24 

2.99 

27.34 

62.8 

1:30 

6.0 

7.1 

20.08 

5.08 

3.58 

32.80 

61.4 

1:45 

6.0 

7.1 

22.32 

5.65 

3.99 

37.28 

59.8 

2:00 

6.0 

7.1 

24.35 

6.20 

4.25 

43.75 

55.7 

2:15 

6.0 

7.1 

26.40 

6.74 

4.75 

49.21 

53.6 

2:30 

6.0 

7.1 

27.65 

7.08 

5.00 

54  67 

50.8 

3:00 

6.0 

7.05 

29.55 

7.58 

5.35 

65.81 

45.0 

3:15 

6.0 

7.05 

30.80   ' 

7.95 

5.60 

71.09 

42.3 

3:30 

6.0 

7.0 

31.50 

8.15 

5.75 

76.55 

41.2 

Table  III. 

The  cell  and  hollow  cooled  electrode  were  cooled  in  tap  water  which 
was  at  22°  C.  Average  temp.  28°  C.  Current  density  62  amp.  per  sq.  dm. 
Anode  volume  400  c.c. 


Time 
hr.  min. 

At. 

Amp. 

Av. 

Volts 

HjSjOs 

by  analysis 
Or. 

H,Ss08 

per  100  c.c 
sol.  gr. 

Percent 
H2S2O8 
by  wt. 

Theor. 

^eT 

0:15 

6.2 

6.2 

3.29 

0.63 

0.59 

5.65 

58.2 

1:00 

6.1 

6.1 

12.05 

3  06 

2.20 

22.20 

54.4 

1:15 

6.1 

6.06 

14.69 

3.74 

2.64 

27.75 

53.0 

1:30 

6.1 

6.06 

16.55 

4.23 

2.98 

33.35 

49.7 

1:45 

6.1 

6.05 

18.03 

4.62 

3.26 

38.90 

46.4 

2:00 

6.06 

6.04 

20.25 

5.20 

3.66 

44.20 

45.4 

2:15 

6.06 

6.04 

21.15 

5.45 

3.84 

49.70 

42.6 

2:30 

6.06 

6.04 

22.98 

5.93 

4.18 

55.20 

41.7 

2:45 

6.05 

6.06 

24.42 

6.30 

4.44 

60.07 

40.4 

3:00 

6.08 

6.07 

25.67 

6.65 

4.60 

66.50 

38.6 

3:15 

6.07 

6.09 

26.35 

6.85 

4.83 

72.00 

36.6 

3:30 

6.07 

6.10 

26.94 

7.00 

4.92 

77.50 

34.77 

Comparison  of  these  tables  shows  that  with  hollow  cooled  elec- 
trodes almost  as  good  results  may  be  obtained  with  an  electrolyte 
temperature  rising  to  30°  C.  as  with  a  temperature  of  12°  C.  when 
the  electrode  is  not  cooled. 
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The  volume  of.  anolyte  was  smaller  in  Table  I  than  in  Tables 
II  and  III ;  hence  the  higher  concentration  reached  in  that  ex- 
periment. 

The  results  of  these  tests  are  shown  graphically  in  the  accom- 
panying figure. 
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DISTILLATION  OE  PERSULPHURIC  ACID, 

The  persulphuric  acid  obtained  in  accordance  with  the 
methods  outlined  was  filtered  through  paper  and  distilled  in  vacuo 
in  an  all-glass  apparatus.  It  was  found,  however,  that  practically 
no  hydrogen  peroxide  was  obtained,  and  as  at  the  time,  due  to 
war  exigencies,  no  adequate  filtering  media  were  available,  the 
distillation  of  persulphuric  acid  was  abandoned,  and  attention 
turned  to  the  potassium  salts. 


PREPARATION  OF  POTASSIUM  PERSULPHATE. 

In  the  first  experiments  on  the  preparation  of  potassium  per- 
sulphate the  cell  used  was  similar  to  that  used  in  the  experiments 
on  persulphuric  acid,  with  the  exception  that  a  saturated  solution 
of  KHSO4  was  used  as  electrolyte.  It  was  found  that  the  im- 
poverishment of  the  solution  due  to  precipitation  of  KaSgOg  led 
to  very  low  current  efficiencies.  In  order  to  overcome  this,  a  con- 
tinuous type  cell  was  constructed.  The  electrolyte  was  contained 
in  a  well-cooled  reservoir,  from  which  it  flowed  through  the  anode 
compartment  of  the  cell,  and,  together  with  the  precipitated  potas- 
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sium  persulphate,  flowed  away  from  the  bottom  of  the  anode  com- 
partment to  a  filter  which  removed  the  potassium  persulphate,  the 
filtered  electrolyte  being  re-saturated  with  potassium  bisulphate 
and  returned  to  the  reservoir.  The  anode  compartment  was 
cooled  by  means  of  a  coil,  and  the  whole  cell  jacketed  with  an 
ice-salt  cooling  mixture.  The  hollow  cooled  anode  was  also  tried, 
but  did  not  give  results  as  good  as  those  obtained  by  the  use  of  a 
platinum  plate  as  anode.  The  cell  was  allowed  to  run  until  the 
whole  of  the  solution  employed  became  saturated  with  potassium 
persulphate. 

The  following  results  obtained  in  a  6-hour  continuous  run  are 
typical : 


Table  IV. 

Average  temperature,  anode  compartment,  13°  C.  Average  rate  of  cir- 
culation, 3.8  liters  per  hour.  Volume  of  licjuor  in  circulation,  3  liters, 
saturated  at  the  temperature  of  the  reservoir.  Volume  of  anode  com- 
partment, 300  C.C 


Time 
hr. 

Av. 
Amp. 

Av. 
Volts 

Dry  Wt. 
of  ppt. 

Percent 

K2S2OS 

in  Sample 

Actual 
Weight 
K2S2O8 
Percent 

Percent 
Eff.  per 
each  hr. 

.^mp. 

Eff.  for 

Run 

1 

2 

3 
4 
5 
6 

10.0 
9.9 

10.1 
9.9 
9.9 

10.1 

8.1          33.4 
9.6         36.2 

10.1  34.0 
10.9          31.6 

11.2  26.0 
14.6         26.9 

76.6 
63.6 
85.0 
77.0 
77.5 
82.6 

25.6    . 

23.0 

28.6 

24.4 

20.2 

22.2 

50.8 
46.2 
56.2 
49.0 
40.5 
44.5 

50.8 

49.0 
51.5 
50.9 
48.7 
48.0 

In  one  run  1  g.  of  KCN  was  added  per  liter  of  electrolyte,  as 
this  substance  is  one  of  those  which  have  been  recommended  as  a 
useful  depolarizer.  It  was  found,  however,  in  this  case  to  be 
without  any  marked  beneficial  effect  on  the  yield. 

The  potassium  persulphate  obtained  varied  a  good  deal  in 
crystal  size ;  the  finer  precipitates  obtained  were  filtered  only  with 
difficulty,  and  tenaciously  retained  mother  liquor.  This  explains 
the  considerable  differences  in  the  percentage  composition  of  the 
dried  precipitate  obtained,  the  balance  of  the  samples  consisting  of 
KHSO4.  On  one  recrystallization  of  the  crude  material  a  product 
analyzing  99.9  percent  KgSzOg  was  obtained. 
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DISTILI.ATION  OF  POTASSIUM  PERSUI.PHATE. 

The  potassium  persulphate  was  mixed  with  sulphuric  acid  and 
water,  and  distilled  from  a  glass  distilling  flask,  which  was  ar- 
ranged so  that  the  vapors  could  not  come  in  contact  with  rubber. 
The  distillate  was  collected  in  a  well-cooled  receiver,  which  in 
turn  was  in  communication  with  a  good  pump  and  manometer. 

The  first  experiment  on  this  distillation  was  carried  out  on  a 
sample  of  Kahlbaum  C.  P.  material  analyzing  99.35  percent 
KjSzOg.  When  the  procedure  had  been  modified  to  obtain  the 
best  results  with  this  material,  distillations  were  made  on  the  once- 
recrystallized  potassium  persulphate  made  by  the  procedure  before 
outlined,  and  also  on  the  crude  uncrystallized  material.  In  the 
case  of  the  Kahlbaum  material  and  of  the  recrystallized  material, 
100  g.  of  persulphate  was  mixed  with  67  c.c.  of  1.6  sp.  gr.  H2SO4 
and  50  c.c.  of  water,  these  proportions  being  those  quoted  by 
Pietzsch  and  Adolph  {loc.  cit.).  As  the  distillation  proceeded, 
water  was  continuously  added  so  as  to  keep  the  total  volume 
constant  in  the  distilling  flask.  In  the  case  of  the  uncrystallized 
material,  an  amount  was  taken  which  contained  100  g.  of  KaSjOg, 
and  a  proportionately  larger  amount  of  water  was  added  at  the 
start.  The  distillate  was  collected  in  two  separate,  receivers,  the 
first  half  giving  a  Tairly  concentrated  hydrogen  peroxide  solution, 
the  second  half  being  a  weaker  solution.  The  runs  were  continued 
till  the  residue  showed  no  potassium  persulphate.  The  following 
table  contains  the  results  obtained: 

Tabi,E  V. 


Material 

Vol.  dis- 
tillate, 1. 
c.c. 

Percent 
H2O2 

distillate 
1,  by.  wt 

13.17 
9.31 
3.42 

Volume     P^'-^f?"* 

Total 

vol. 

distillate. 

c.c. 

Total 

wt. 

H2O2 

Yield. 
Per- 
cent 

Kahlbaum   

Recryst 

41 

95 

140 

136 

86          3.59 
72           1.04 
15          0.18 

127 
167 
155 
136 

10.3 
9.9 
4.8 
6.2 

81.7 
78.4 

71.6%  crude  

80.87o        "      

38.3 
48.9 

In  some  cases  the  material  in  the  distilling  flask  showed  con- 
siderable tendency  to  foam. 
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PREPARATION  OF  SODIUM  PERSULPHATE. 

This  was  effected  in  a  cell  having  a  porous  porcelain  anode 
compartment  of  600  c.c.  capacity,  provided  with  cooling  coils 
through  which  brine  was  circulated.  The  electrolyte  consisted  of 
a  solution  of  NaHS04  saturated  at  the  temperature  of  the  cell. 
It  was  found  that  improved  efficiencies  were  obtained  by  agitation 
of  the  liquor  around  the  anode  by  means  of  an  air  current.  The 
current  efficiencies  obtainable  were  better  than  with  the  potassium 
salt  previously  referred  to,  and  although  in  the  formation  of 
persulphuric  acid  the  current  efficiencies  were  somewhat  higher 
in  the  early  stages  of  a  run,  the  efficiencies  in  the  case  of  the 
sodium  salt  appeared  to  be  much  better  maintained  than  in  the 
case  of  persulphuric  acid. 

The  following  table  gives  a  typical  run : 


Current  density  65  amp.  per   sq 
volume  600  c.c. 


Table  VI. 

dm.     Average  temp,   11' 


C.     Anode 


Time 

Av.  Amp. 

Av.  Volts 

NaoSoOs  per 

NazSjOg 

Theoretical 

Yield. 

100  c.c. 

total,    g. 

wt. 

percent 

1 

13.0 

10.3 

5.53 

33.15 

57.7 

57.5 

2 

13.8 

9.6 

11.07 

66.40 

119.0 

55.7 

3 

13.6 

9.7 

16.65 

99.60 

179.4 

55.5 

4 

13.2 

10.6 

19.55 

117.00 

237.8 

49.2 

s 

12.6 

10.9 

23.40 

140.00 

293.8 

47.8 

6 

12.5 

11.0 

27.4 

164.3 

349.3 

47.0 

It  will  be  noticed  that  the  concentration  of  sodium  persulphate 
rose  as  high  as  27  percent  in  about  six  hours.  In  one  case,  how- 
ever, it  was  impossible  to  get  a  concentration  above  about  9  per- 
cent Na^SaOg,  the  persulphate  crystallizing  out  as  formed.  In 
this  case  230  g.  salt  crystallized  out  containing  over  53.4  percent 
NaoSoOg.  It  is  possible  that  some  double  salt  was  here 
precipitated. 


DISTILLATION  OF  SODIUM  PERSULPHATE. 

The  apparatus  used  for  this  distillation  was  the  same  as  that 
described  under  the  distillation  of  potassium  persulphate. 

The  material  used  was  the  concentrated  solution  of  sodium 
15 
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persulphate  obtained  from  the  electrolytic  apparatus,  and  con- 
tained in  all  cases  above  25  g.  NajSoOg  per  100  c.c.  The  solution 
from  the  electrolyser  was  filtered  through  a  fine  grade  alundum 
filtering  cone  to  remove  catalytic  impurities.  The  ratio  of  acidity 
to  persulphate  was  varied  over  a  wide  range,  and  the  amount  of 
water  present  was  also  varied.  In  no  case,  however,  could  a  yield 
of  hydrogen  peroxide  be  obtained  above  9  percent  of  that  theo- 
retically possible  from  the  sodium  persulphate  taken.  The  follow- 
ing table  shows  the  materials  distilled  and  the  yields  obtained : 

TABI.E  VII. 


Volume 

Weight 

H2SO4 

Water 

Total  acid 

Yield 

NajSaOs 

NasSzOg 

added. 

added 

in  g. 

HjO,. 

taken,    c.c.    , 

g- 

g- 

c.c. 

H0SO4 

Percent 

250 

69.5 

0 

0 

38 

4.3 

220 

60.5 

0 

0 

33.5 

4.3 

250 

68.4 

90 

0 

128 

4.5 

155        1 

39.2 

377 

0 

400 

7.9 

154 

48.8 

340 

so 

400 

9.0 

Some  attempts  were  made  to  improve  the  above  yields  by  first 
heating  the  filtered  solution  of  sodium  persulphate  under  pressure 
in  a  bomb.  The  results  showed  that  on  heating  in  a  bomb, 
amounts  of  hydrogen  peroxide  up  to  23  percent  of  the  theoretical 
were  generated,  but  on  subsequent  distillation  of  these  solutions  the 
yield  of  hydrogen  peroxide  fell  to  below  7  percent,  and  are  thus 
in  the  same  class  as  the  direct  distillations  already  quoted. 

It  is  clear  that  filtration  as  a  means  of  removing  catalytic  im- 
purities would  need  to  be  effected  through  an  extremely  carefully 
graded  filtering  medium  in  order  to  attain  purification  comparable 
to  a  single  recrystallization  of  the  potassium  salt. 


SUMMARY. 

1.  Of  the  materials  experimented  with  as  anode  material, 
platinum  was  the  only  one  offering  possibilities  of  success,  with 
the  possible  exception  of  manganese  dioxide. 

2.  The  current  efficiencies  in  the  production  of  persulphuric 
acid,  potassium  persulphate  and  sodium  persulphate  show  no 
great  advantage  for  any  one  of  them  over  the  others. 
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3.  Sodium  persulphate  solutions  can  apparently  be  produced 
to  a  much  higher  concentration  than  can  persulphuric  acid,  with- 
out sacrifice  of  current  efficiency.  The  potassium  salt  is,  of 
course,  obtained  in  solid  form. 

4.  Distillation  of  once  recrystallized  potassium  persulphate 
with  sulphuric  acid  and  water  gives  reasonably  high  yields  of 
hydrogen  peroxide. 

5.  Distillation  of  persulphuric  acid  or  sodium  persulphate 
solutions  would  need  to  be  preceded  by  extremely  rigorous  puri- 
fication to  remove  catalytic  impurities. 

Shawinigan  Laboratories,  Limited, 
Shawinigan  Falls,  Quebec,  Canada, 
August  3, 1920. 


DISCUSSION. 


H.  C.  Cooper^  :  I  was  sorry  to  be  informed  the  other  day  that 
this  work  is  being  discontinued ;  because,  for  the  sake  of  the  ad- 
vance of  American  electrochemistry,  it  seems  as  though  such  a 
work  ought  to  go  on  even  in  the  face  of  difficulties.  One  who 
has  read  German  literature  is  impressed  with  the  large  number  of 
patents  taken  out  along  this  line.  We  do  not  know  and  cannot 
say,  at  this  distance,  how  successful  these  are.  They  may  be 
purely  academic,  as  has  been  intimated  with  reference  to  certain 
other  remarks  today,  but  apparently  the  Germans  are  going  ahead 
with  this  method.  The  difficulty  seems  to  be  getting  rid  of  the 
fine  platinum.  I  recall  three  methods  that  they  resorted  to;  one 
is  treating  the  platinum  beforehand,  making  it  as  resistive  as 
possible,  while  the  others  involve  the  removal  of  the  fine  platinum. 
The  removal  was  accomplished  either  by  electrolytic  methods, 
which  they  claim  are  very  satisfactory,  or  by  the  introduction  of 
a  rod  of  aluminum.  I  am  sorry  Dr.  Skirrow  is  not  here,  or  some 
of  his  associates,  that  we  might  ask  them  if  they  tried  these  meth- 

'  Asst.   Prof,  of  Chemistry,  College  City  of  New  York.  New  York  City. 
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ods.     I  should  like  to  see  all  possible  means  exhausted  before  we 
give  up  an  electrolytic  process. 

F.  W.  Skirrow^  (Communicated)  :  The  reason  that  the  work 
was  temporarily  discontinued  was  not  on  account  of  the  technical 
difficulties  alluded  to  in  the  paper,  which  could  be  readily  mini- 
mized or  overcome,  but  on  account  of  the  present  somewhat  un- 
favorable outlook  for  the  method  from  an  economic  standpoint. 

'  Chief  Chemist,   Shawinigan   Laboratories,   Ltd.,   Shawinigan    Falls,   Que. 


A  paper  presented  at  the  Thirty-eighth 
General  Meeting  of  the  American  Elec- 
trochemical Society,  in  Cleveland,  October 
7.  mo.  President  Landis  in  the  Chair. 


THE  INFLUENCE  OF  COPPER,  MANGANESE  AND  CHROMIUM 

AND  SOME  OF  THEIR  COMBINATIONS  ON  THE 

CORROSION  OF  IRON  AND  STEEL' 

By  E.  A.  Richardson^  and  L,.  T.   Richardson." 

During  the  past  several  years  a  considerable  amount  of  work  has 
been  done  upon  the  corrosion  of  copper-bearing  steels  and  copper- 
bearing  irons,  but  the  ferrous  base  of  the  alloys  made  has  been 
normal  steel  or  iron  to  which  different  amounts  of  copper  were 
added.  As  a  result,  copper  has  been  the  only  variable  investi- 
gated, and  hence  only  the  effect  of  copper  has  been  determined. 
The  most  comprehensive  work  has  been  done  by  Mr.  D.  M.  Buck,' 
who  has  added  various  amounts  of  copper  to  a  low  carbon  steel 
containing  about  0.45  percent  of  manganese,  and  his  results  indi- 
cate that,  as  far  as  corrosion  is  concerned,  little  benefit  results 
from  adding  more  than  about  0.25  percent  of  copper  to  such  a 
steel.  Buck  finds  that  sulphur  is  very  injurious  to  iron  or  steel 
from  a  rust-resisting  standpoint,  and  believes  that  copper  retards 
corrosion  by  neutralizing  the  harmful  effects  of  sulphur. 

A.  S.  Cushman,"  on  the  other  hand,  contends  that  copper  has 
no  beneficial  eft'ect  when  added  to  a  commercially  pure  iron,  while 
Burgess  and  Aston*  and  Kalmus  and  Blake"  find  that  copper  is 
beneficial  to  pure  iron. 

The  authors  of  most  of  the  text  books  on  iron  and  steel  consider 
manganese  as  detrimental  to  steel  as  regards  corrosion  resistance, 
but  many  of  the  authorities  on  corrosion  are  at  the  present  time 
not  so  certain  as  to  this.  Cushman,  since  his  work  on  the  cor- 
rosion of  fence  wire,  has  always  contended  that  manganese  is 
harmful  to  iron,  and,  as  a  result,  has  been  a  strong  advocate  of 
an  iron  as  low  as  possible  in  this  element.     However,  Cushman 

•  Manuscript  received  August  6,  1920. 

'National  Lamp  Works,  General  Electric  Co.,  Cleveland,  Ohio. 

'  Chemical  Engineer,  New  Brunswick,  N.  J. 
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failed  to  analyze  his  samples  of  fence  wire  for  copper,  which  is 
unfortunate,  since  O.  W.  Storey^  later  found  that  certain  speci- 
mens of  fence  wire  that  had  shown  great  resistance  to  corrosion 
contained  copper,  and  reached  the  additional  conclusion  that,  as 
far  as  corrosion  is  concerned,  manganese  is  neutral.  In  view  of 
what  is  now  known  as  to  the  effects  of  copper  in  steel  on  atmos- 
pheric corrosion,  it  is  very  probable  that  Cushman's  conclusions 
as  to  the  rapid  corrosion  of  fence  wire  are  somewhat  at  fault. 
However,  this  does  not  detract  from  the  value  of  his  paper,  since 
it  was  written  some  years  ago,  before  the  corrosion  of  iron  was 
being  intensively  investigated,  and  was,  no  doubt,  of  great  value 
in  calling  attention  to  the  importance  of  the  corrosion  problem 
and  of  stimulating  work  upon  it. 

Chromium  has  usually  been  considered  as  beneficial  to  the  rust- 
resisting  properties  of  iron,  although  little  work  has  been  done. 

In  some  of  our  previous  work^  we  noticed  that  copper  makes 
iron  red-short,  and  that  the  fracture  has  every  appearance  of 
being  an  inter-grained  one.  Further,  this  red-shortness  is  elim- 
inated by  the  addition  of  manganese  or  chromium,  the  amount 
necessary  depending  upon  the  amount  of  copper  present.  It  was 
therefore  thought  that  manganese  or  chromium  might  likewise 
exert  some  influence  in  increasing  the  effect  that  copper  has  of 
decreasing  corrosion  as  it  does  the  physical  property  of  forging. 

In  order  to  investigate  this,  tests  were  made  upon  steel,  both 
free  from  and  containing  copper,  and  upon  commercially  pure 
iron,  both  free  from  and  containing  copper.  These  tests  brought 
out  a  number  of  interesting  deductions,  as  follows:  Steel  rusts 
much  faster  than  iron — which  fact  has  been  long  known.  The 
presence  of  copper,  however,  decreases  the  corrosion  of  both  iron 
and  steel,  but  its  action  is  more  intense  and  pronounced  in  the 
case  of  the  latter,  so  that  for  a  given  amount  of  copper  the  steel 
is  actually  more  resistant  to  atmospheric  corrosion  than  is  the 
corresponding  copper-bearing  iron.  This  is  true,  even  though  the 
reverse  is  true  for  the  copper-free  materials.  It  was,  moreover, 
concluded  that  it  was  the  manganese  present  in  the  steel,  but  not 
in  the  iron,  that  was  intensifying  the  action  of  the  copper  in  re- 
ducing corrosion.  It  was  also  pointed  out  that  the  observations  of 
Cushman  that  copper  had  no  effect  on  the  corrosion  of  pure  iron, 
and  of  Buck  that  it  exerted  a  marked  retarding  influence  on  the 
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corrosion  of  steel,  might  be  reconciled  by  this  reasoning.  More 
recently  the  results  of  the  official  test  of  the  American  Societ>' 
for  Testing  Materials"  show  similar  facts. 

In  order  to  investigate  this  idea  further,  a  series  of  alloys  was 
made  by  melting  commercially  pure  iron  in  an  electric  furnace 
and  adding  the  necessary  amounts  of  the  carbon-free  alloying  ele- 
ments so  as  to  produce  a  product  low  in  carbon.  The  analyses  of 
these  alloys  are  given  in  Table  I. 


Corrosion    oj  flll»i^s  of 
Manganese— Copper— Iran . 


Fig.   1. 


The  alloys  were  first  tested  for  physical  properties,  including 
those  of  forging.  The  results  of  these  tests  will  be  given  in 
another  paper.  Briefly,  the  forging  tests  confirmed  our  earlier 
observations  that  copper  caused  iron  to  be  red-short,  and  that  this 
undesirable  property  could  be  eliminated  by  the  addition  of  man- 
ganese or  chromium  in  amounts  depending  on  the  copper  content. 
They  also  showed  that,  up  to  at  least  3.5  percent  of  copper,  this 
element  does  not  affect  the  cold-working  properties,  but  that  the 
addition  of  manganese  causes  hardness,  until  with  more  than 
about  2  percent  the  alloys  are  too  brittle  to  work,  and  that  with 
more  than  2  percent  of  chromium  the  alloys  are  hard  and  tough, 
but  not  brittle. 
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After  the  ingots  were  forged  they  were  cut  into  test  pieces 
about  1  in.  X  2  in.  x  ^^  in.  (2.5  x  5  x  0.3  cm.)  thick  for  corrosion 
tests.  These  pieces  were  thoroughly  annealed  at  750°  C,  were 
pickled  in  acid  to  remove  the  adhering  oxide,  the  surface  removed 
with  a  file,  and  finally  made  smooth  with  emery  cloth.  Duplicate 
test  pieces  were  exposed  to  the  atmosphere  from  December  6, 
1916,  to  July  16,  1917.  During  the  test  the  specimens  were 
examined  at  frequent  intervals  for  texture  and  color  of  the  rust. 
From  the  very  start  it  was  evident  that  the  alloys  containing 
copper  were  superior  to  those  that  were  free  from  copper,  which 
showed  itself  in  the  color  of  the  rust.  This  color  distinction  was 
a  dark  red  in  the  case  of  the  copper-bearing  alloys,  and  a  light  red 
or  a  yellowish  red  in  the  case  of  the  alloys  in  which  copper  was 
absent  or  present  in  only  small  amounts.  In  fact,  it  seems  to  be 
a  general  rule  that  the  darker  the  color  of  the  rust,  the  more 
rust-resisting  the  material.  This  connection  between  a  dark  red 
rust  and  a  rust-resisting  iron  has  been  noted  by  other  observers. 
The  same  superiority  was  also  apparent  from  the  texture  and 
appearance  of  the  rust  coating.  The  alloys  containing  copper 
possessed  a  fine-grained,  adherent  coating,  while  those  in  which 
copper  was  absent  or  present  in  very  small  amounts  had  a  coating 
that  was  coarse  and  non-adherent.  In  the  alloys  tested,  the  condi- 
tion of  the  adhering  rust  varied  widely,  from  a  very  loose  and 
coarsely  granular  coating  on  a  Bessemer  steel  to  a  black,  almost 
enamel-like  coating  on  some  of  the  alloys  of  greatest  rust 
resistance. 

As  before  stated,  at  the  end  of  eight  months  the  specimens 
were  taken  down  and  the  rust  removed  by  mechanically  removing 
as  much  as  possible  with  a  brush  and  then  dissolving  the  re- 
mainder with  a  hot  ammoniacal  solution  of  ammonium  citrate. 
After  thorough  drying  with  alcohol  they  were  weighed,  and  the 
loss  in  weight  was  taken  as  an  index  of  corrosion.  The  losses  in 
weight  were  calculated  in  grams  per  square  centimeter,  and  are 
given  in  Table  I. 

The  loss  in  weight,  however,  does  not  always  give  a  true  index 
of  the  extent  of  destruction  by  corrosion,  since  the  material  could 
fail  by  "pitting"  or  localized  corrosion.  Hence,  in  order  to  take 
this  factor  into  account,  the  test  pieces  were  examined  as  to  ap- 
pearance after  cleaning.    These  data  are  also  included  in  Table  I. 
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After  weighing,  one  set  of  test  pieces  was  exposed  to  the  atmos- 
phere on  August  8,  1917,  in  the  same  location,  and  after  two  and 
one-half  years  the  visual  characteristics  of  the  rust  coating  were 
as  given  in  Table  I.  The  appearance  at  this  time  was  identical 
with  that  at  the  shorter  period  of  eight  months.  At  the  last 
observation,  after  about  three  years'  exposure,  some  of  the  best 
alloys  (Ul,  Yl,  Rl)  have  such  a  closely  adhering  and  thin  rust 
coating  that  the  original  file  marks  are  still  visible.  This  method 
of  judging  the  degree  of  corrosion  is  that  adopted  by  the  Ameri- 
can Society  for  Testing  Materials,  in  which  the  condition  of  the 
rust  coating  is  described  by  its  color,  texture  and  general  appear- 
ance. In  this  way  the  character  of  the  rust  can  be  quite  ac- 
curately defined. 
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Fig.  2. 


RESUI^TS. 

Copper  Manganese  Alloys. — The  specimens  of  these  alloys  may, 
roughly,  be  divided  into  six  groups,  namely,  those  containing  0.04, 
0.33,  0.49,  0.96,  1.92  and  3.12  percent  of  copper.  In  each  group 
the  manganese  varies,  while  the  copper  remains  constant.  The 
data  are  shown  graphically  in  curve  form  in  Figure  1.  It  is  evi- 
dent from  the  curves  that  each  successive  addition  of  copper 
lowers  the  amount  of  corrosion.  The  greatest  decrease,  however, 
comes  with  the  first  addition  of  copper.  Thus  an  increase  of 
copper  from  0.04  to  0.33  percent  gives  as  great  an  increase  in 
corrosion  resistance  as  does  an  increase  from  0.33  to  1 .92  percent. 
In  addition  to  this,  very  little,  if  any,  increase  in  rust  resistance 
occurs  after  the  copper  content  has  passed  2  percent.     This  is 
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in  line  with  what  has  been  observed  by  Mr.  D.  M.  Buck,  who 
found  that  with  the  addition  of  successively  increasing  amounts 
of  copper  to  steel,  the  greatest  decrease  in  corrosion  took  place 
with  the  first  additions  of  copper.  Mr.  Buck,  however,  worked 
with  normal  steels  in  which  the  manganese  remained  constant. 
This  characteristic  of  the  effect  of  copper  may  have  some  value, 
since  it  enables  the  property  of  corrosion  to  be  made  quite  uni- 
form. If  very  small  amounts  of  copper  are  added,  then  slight 
changes  from  this  amount  will  cause  relatively  large  changes  in 
the  degree  of  corrosion,  while  if  larger  amounts  of  copper  are 
added,  small  changes  in  the  copper  content  will  cause  only  small 
changes  in  the  tendency  to  corrode. 

Burgess  an  J  ffs^tin. 


V 

^ 


^  0  3 


<X    0.1 


'/o  Manganese. 
Fig.  3. 


The  curves  also  show  that  additions  of  copper  to  pure  iron  de- 
creases the  amount  of  corrosion.  This  is  in  line  with  the  work 
of  Burgess  and  Aston,  who  worked  with  electrolytic  iron  as  a 
base.  The  results  of  their  investigation  are  given  in  Figure  2. 
Kalmus  and  Blake,  using  commercially  pure  iron  as  a  base,  also 
found  that  additions  of  copper  made  this  iron  more  rust-resisting. 

Increasing  the  manganese  content  also  decreases  the  amount  of 
corrosion,  but  to  a  lesser  extent  than  the  copper.  This  is  at 
variance  with  the  conclusions  reached  by  many  of  the  past  ob- 
servers, who  claim  that  manganese  increases  the  tendency  to  rust. 
More  recently,  however,  the  idea  is  becoming  more  general  that 
manganese  is  not  detrimental  to  the  rust-resisting  properties  of 
steel,  but  that  sulphur  or  manganese  sulphide  is  the  harmful  im- 
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purity.  For  instance,  O.  W.  Storey,  from  an  investigation  of 
fence  wire,  reached  the  conclusion  that,  as  far  as  corrosion  is 
concerned,  manganese  is  neutral.  Burgess  and  Aston,  working 
with  manganese  alloys  of  electrolytic  iron,  showed  that  manganese, 
at  least,  is  not  harmful.  Their  data,  however,  were  rather 
erratic,  and  are  given  in  Figure  3. 


Corrosion  of  Atjous   of 


The  advocates  of  pure  iron  as  a  rust-resisting  material  have 
always  made  manganese  as  low  as  possible,  thinking  it  to  be 
harmful.  However,  commercially  pure  iron  contains  about  0.04 
percent  of  copper,  which  causes  it  to  be  red-short.  The  addition 
of  a  small  amount  of  manganese  would  make  this  iron  slightly 
more  rust-resisting,  and  at  the  same  time  remove  the  tendency 
to  be  red-short,  while  the  addition  of  still  more  copper  and 
manganese  would  materially  increase  its  rust-resisting  properties. 
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A  copper-bearing  steel,  purchased  on  the  open  market,  was  also 
tested.  It  contained  0.40  percent  manganese  and  0.25  percent  cop- 
per. The  loss  by  corrosion  of  this  steel  fits  in  very  nicely  with 
our  alloy  containing  0.33  percent  copper,  which  it  should  closely 
represent. 

A  copper-bearing  iron  containing  0.20  percent  copper  also 
comes  in  its  proper  place  on  the  diagram. 

Above  2  percent  of  manganese  the  alloys  are  hard  and  brittle, 
so  that,  because   of  physical  ])roperties,  alloys  containing  more 


Fig.  5.     Showing  Difference  in  Grain  Size. 

A.  0.48  percent  Cu,  0.32  percent  Mn  X   60. 

B.  0.58  percent  Cu,  1.76  percent  Cr    X  60. 

than  2  percent  of  this  element  would  not  find  as  wide  an  applica- 
tion in  practical  work  as  would  alloys  containing  less  than  this 
amount. 

Copper  Chromium  Alloys. — The  data  are  given  in  Table  II  and 
in  curve  form  in  Figure  4.  The  chromium  copper  alloys  follow, 
in  general,  the  behavior  of  the  manganese  copper  alloys,  the 
chromium  having  an  action  similar  to  that  of  manganese.  Addi- 
tions of  chromium  to  iron  up  to  about  0.20  percent  appear  to 
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increase  the  amount  of  corrosion.  Above  0.20  percent,  additions 
of  chromium  increase  the  resistance  to  atmospheric  corrosion. 
No  explanation  for  the  increase  in  corrosion  when  small  amounts 
of  chromium  are  added  can  be  offered.  As  with  manganese 
copper  alloys,  the  greatest  increase  in  corrosion  resistance  comes 
with  the  first  additions  of  copper,  after  which  further  increases 
in  copper  are  not  so  eft'ective. 

The  cause  of  the  influence  of  copper  on  the  corrosion  of  iron 
has  never  been  satisfactorily  explained.    Mr.  D.  M.  Buck*  thinks 


C.       ^  D. 

Fig.  6.     Showing  Intergrain  Films. 

C.  3.54  percent  Cu,  2.51  percent  Mn  X     60. 

D.  3.03  percent  Cu,  2.78  percent  Mn  X  350. 

that  it  acts  upon  the  sulphur,  in  some  way  eliminating  the  bad 
effects  of  that  element.  Dr.  W.  H.  Walker*  has  suggested  that 
copper  causes  the  oxide  of  manganese  and  iron  to  remain  in  solid 
solution  when  they  otherwise  would  be  deposited  in  the  inter- 
grain structure.  Burgess  and  Aston''  suggest  that  the  iron  goes 
into  solution  and  leaves  a  coating  of  copper  behind,  thus  pro- 
tecting the  underlying  metal  from  further  corrosion. 

The  theory  here  proposed  may  be  called  the  fllm  or  inter-grain 
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theory  of  corrosion  resistance.  It  has  been  known  for  some  years 
that  commercially  pure  iron  is  red-short.  When  a  piece  of  this 
iron  is  broken  within  the  temperature  range  of  red-shortness,  the 
fracture  is  clearly  seen  to  be  an  inter-grain  one.  Miller^^  has 
shown  this  to  be  inter-grain,  and  has  ascribed  it  to  an  oxide  or 
some  other  compound  of  iron.  The  writers  have  shown  that  this 
red-shortness  is  due  to  copper,  and  that  the  more  copper,  the  more 
red-short  the  iron.  This  range  covers  a  temperature  interval  of 
from  about  800°  to  about  1000°  C.  during  which  the  inter-grain 
material  is  weak  or  plastic.  At  a  lower  temperature  it  becomes 
rigid  and  the  iron  is  no  longer  red-short.  The  presence  of  this 
inter-grain  film,  we  believe,  also  gives  to  commercially  pure  iron 
any  rust-resisting  properties  that  it  may  have.  Burgess  and  Aston 
have  shown  that  electrolytic  iron  is  not  rust-resisting,  and  the 
remarkable  deduction  seems  almost  inevitable  that  iron  only  be- 
comes rust-resistant  when  certain  impurities  are  present  in  certain 
amounts.  Granting  the  presence  of  this  inter-grain  rust-resisting 
film,  then  any  element  that  decreases  the  grain  size  or  any  heat 
treatment  that  decreases  the  grain  size  will  give  a  further  increase 
in  corrosion  resistance.  This  is  probably  the  effect  of  manganese 
or  chromium  (Fig.  5).  The  presence  of  manganese  or  chromium 
removes  the  red-short  range,  but  it  does  not  follow  that  the  inter- 
grain  cement  is  destroyed  (Fig.  6).  We  have  obtained  some  evi- 
dence, as  yet  rather  fragmentary,  that  manganese  or  chromium 
does  this  by  lowering  the  red-short  range,  so  that  it  exists  at  a 
lower  temperature,  until  finally,  if  enough  manganese  or  chromium 
be  added,  the  red-short  range  occurs  at  a  temperature  below  that 
at  which  the  inter-grain  film  becomes  weak  or#plastic.  Thus  it  is 
possible  that  with  high  copper  contents  the  iron  might  become 
cold-short. 

SUMMARY. 

1.  It  has  been  shown  that  there  is  a  mutual  action  between 
manganese  and  copper  in  their  effect  upon  the  atmospheric  cor- 
rosion of  iron.  Copper  alone  reduces  the  corrosion  of  pure  iron 

and,  to  a  still  greater  extent,  the  corrosion  of  steel.    This  is  due  M 

to  the  effect  of  manganese,  which  enhances  the  effect  of  copper. 

2.  If  manganese  is  replaced  by  chromium,  the  effect  is  still 
more  pronounced. 


CORROSION  OF  IRON  AND  STEEL.  233 

3.  It  is  shown  that  the  red-short  range  in  iron,  due  to  the  pres- 
ence of  copper,  is  removed  by  either  manganese  or  chromium. 

4.  It  is  believed  that  there  is  some  relation  between  this  red- 
short  range  and  resistance  to  atmospheric  corrosion.  Based  upon 
this,  the  film  or  inter-grain  hypothesis  is  suggested  to  explain  the 
corrosion  resistance  of  these  alloys. 
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DISCUSSION. 


J.  A.  AuPPERivE^  (Communicated)  :  The  authors  have  referred 
to  Dr.  A.  S.  Cushman's-  discussion  of  an  earlier  paper  of  theirs, 
where  he  states  that :  "copper  in  either  iron  or  steel  is  not  a 
prime  factor  in  corrosion  resistance  under  the  varied  conditions 
of  service  and  exposure."  The  authors  of  this  paper  seem  to 
have  in  mind  atmospheric  tests,  while  Dr.  Cushman  refers  to 
tests  under  varied  conditions  of  service. 

The  authors  have  also  referred  to  Kalmus  and  Blake'  as  find- 
ing that  copper  is  beneficial  to  pure  iron,  whereas  Kalmus  and 

'  Chief  Chemist,  The  American  Rolling  Mill,  Middletown,  Ohio. 
'Trans.    Am.   Electrochem.    Society    (1916),   30,    390. 
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Blake  did  not  have  pure  iron  with  copper  alone  under  observation. 
The  authors  made  tests  on  iron  sheets  containing  both  nickel  and 
copper,  but  no  tests  were  made  on  sheets  containing  iron  and 
copper  alone,  therefore,  no  conclusions  can  be  drawn  from  the 
benefit  of  copper  when  such  sheets  also  contained  0.75  percent 
nickel. 

The  conclusions  of  Kalmus  and  Blake  were  based  very  largely 
on  results  of  corrosion  tests  made  on  small  sections  which  were 
sawed  from  castings ;  these  castings  having  been  made  in  graphite 
crucibles.  The  fact  that  they  were  made  in  graphite  crucibles 
changed  the  analysis  so  materially  that  copper-steel  alloys  instead 
of  copper-iron  alloys  were  produced,  on  account  of  the  presence 
of  0,16  percent  carbon  which  the  alloys  had  absorbed  from  the 
crucibles. 

Reference  is  also  made  to  work  done  by  O.  W.  Storey*,  in 
which  the  authors  say  that  Mr.  Storey  found  that  certain  speci- 
mens of  fence  wire  that  had  shown  great  resistance  to  atmos- 
pheric corrosion  contained  copper.  The  authors  should  also  have 
quoted  that  Mr.  Storey  had  found  some  iron  wires,  Nos.  5a  and 
18a,  which  contained  only  a  trace  of  copper  and  which  were  in 
excellent  condition  after  25  years'  service. 

The  authors  have  made  the  broad  statement  that  the  presence 
of  0.04  percent  copper  in  pure  iron  causes  it  to  be  red-short. 
This  is  contrary  to  our  experience,  as  we  have  done  a  large  amount 
of  research  work  on  the  effect  of  copper  on  red-shortness,  and 
have  found  that  if  sulphur  is  low  enough,  even  0.5  percent 
copper  will  not  cause  the  metal  to  be  red-short  if  the  sulphur  is 
below  0.01  percent,  even  when  the  manganese  is  below  0.02  per- 
cent. 

They  claim  that  the  addition  of  manganese  would  remove  the 
tendency  of  the  metal  to  be  red-short,  which  is  correct,  but  it  is 
unfortunate  that  the  authors  infer  that  the  manganese  combines 
with  the  copper,  instead  of,  as  is  well-known,  with  the  sulphur 
to  form  manganese  sulphide.  They  were  also  the  first  to  make 
the  peculiar  claim  that  in  an  iron  with  a  high  copper  content  the 
iron  might  become  cold-short.  Statements  such  as  these,  that  an 
element  can  make  a  metal  both  hot-short  and  cold-short,  throw 

♦Trans.  Am.  Electrochem.  Soc.  (1917),  32,  285. 
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considerable  doubt  upon  any  conclusions  which  are  formed  from 
work  containing  so  much  contradictory  matter. 

We  have  done  considerable  work  on  the  effect  of  chromium, 
and  our  atmospheric  tests  show  that  up  to  0.5  percent  chromium, 
this  element  increases  the  rate  of  atmospheric  corrosion;  while 
with  very  large  percentages  of  chromium,  up  to  35  percent,  the 
conditions  are  reversed  and  practically  no  corrosion  occurs  on  such 
alloys.  The  same  remarks  apply  to  the  effect  of  silicon  on  steel. 
Small  percentages  up  to  0.5  percent  increase  atmospheric  corros- 
ion, whereas  when  the  metal  contains  up  to  15  percent  silicon  it 
is  practically  rust-proof. 

It  seems  that  such  sweeping  conclusions  should  not  be  drawn 
from  atmospheric  tests  without  taking  into  consideration  the  many 
tests  which  have  been  made  under  other  conditions. 

Very  little  iron  or  steel,  especially  sheet  metal,  is  used  without 
giving  it  some  protective  coating,  and  we  have  shown  that  where 
a  galvanized  coating  on  pure  iron  would  last  for  many  years 
in  the  Pittsburgh  district,  all  bare  grades  of  iron  and  steel  sheets 
with  or  without  copper  have  failed  in  the  Pittsburgh  district  in 
three  years. 

The  difference  in  the  behavior  of  metal  when  exposed  under 
conditions  where  water  instead  of  air  predominates  was  referred 
to  by  F.  N.  Speller,  Metallurgist  of  the  National  Tube  Co.,  in 
his  discussion  of  Mr.  Storey's  paper*.  Mr.  Speller  said :  "In  the 
case  of  pipe  carrying  water,  for  example,  we  have  tried  out  cop- 
per-steel and  can  confirm  everything  the  author  says  in  regard  to 
that  material  so  far  as  the  outside  of  the  pipe  is  concerned  when 
exposed  to  atmospheric  conditions,  but  on  the  inside  the  water 
seems  to  attack  copper-steel  as  rapidly  as  ordinary  steel  without 
copper.  Many  tests  have  been  made  in  service  in  the  same  lines 
carrying  ordinary  steel  pipe,  copper-steel  and  wrought  iron,  all  of 
which  show  practically  the  same  results  after  two  or  three  years' 
service  with  respect  to  the  depth  of  the  pitting.  While  the  con- 
ditions are  nominally  the  same,  that  is  the  presence  of  water  and 
air,  in  one  case,  on  the  inside  of  pipe,  we  have  a  relatively  large 
proportion  of  water.  On  the  outside,  on  the  other  hand,  we  have 
the  reverse,  viz.,  a  large  proportion  of  oxygen  and  a  very  small 
amount  of  water.     The  oxygen  in  each  case  is  the  depolarizing 
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agent,  and  the  proportion  present  seems  to  govern  the  relative  rates 
of  corrosion  of  these  materials." 

Mr.  Speller  has  done  a  large  amount  of  research  work  on  this 
problem,  and  I  doubt  whether  copper  is  purposely  added  to  steel 
for  pipe  carrying  water.  I  also  know  of  one  company  manufac- 
turing wire  containing  copper,  and  it  is  a  well-known  fact  that 
wire  is  used  to  a  large  extent  where  air  instead  of  water  predom- 
inates. 

We  have  done  a  large  amount  of  research  work  on  corrosion 
and  can  confirm  what  Mr.  Speller  says  about  the  efifect  of  copper 
not  being  beneficial  where  water  predominates.  We  can  even  go 
further  than  this  and  say  that  copper  is  absolutely  harmful  where 
water  predominates,  especially  if  the  water  contains  either  alkalies 
or  sulphates. 

I  believe  that  investigation  of  corrosion  problems  made  under 
conditions  where  water  predominates  will  furnish  astonishing  data 
and  will  emphasize  the  danger  of  drawing  general  conclusions  as 
to  the  corrosion  resistance  of  a  metal  subjected  to  atmospheric 
conditions  only. 

E.  A.  Richardson  :  In  electrolytic  iron  containing  0.006  per- 
cent sulphur,  the  presence  of  small  traces  of  copper  makes  the  iron 
short.  In  regard  to  these  instances  that  have  been  cited  about 
the  rust-resisting  properties  of  iron,  I  would  like  to  ask  the 
previous  speaker  what  his  opinion  is,  how  he  reconciles  this  with 
the  results  of  the  tests  of  the  American  Society  for  Testing 
Materials  ? 

J.  A.  AuppERivE:  I  should  like  to  ask  Mr.  Richardson  how 
much  hydrogen  and  silicon  the  electrolytic  iron  contained  which 
he  found  to  be  red-short. 

E.  A.  Richardson  :  We  have  really  no  analysis  on  the  amount 
of  hydrogen  contained,  but  this  material  was  melted  at  perhaps  1,- 
700°  C. 

J.  A.  AuppErle:  I  believe  it  is  extremely  dangerous  to  draw 
conclusions  from  insufficient  data,  and  I  think  that  the  evidence 
should  be  carefully  considered  before  any  claims  are  made  that 
copper  renders  the  iron  red-short. 

The  electrolytic  iron  referred  to  by  Mr.  Richardson  may  have 
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taken  up  a  small  percentage  of  some  other  element  such  as  silicon 
which  has  an  important  bearing  upon  the  subject,  as  it  is  a  well- 
known  fact  that  the  addition  of  a  small  amount  of  silicon  to  pure 
iron  made  in  open-hearth  furnaces  makes  the  metal  red-short. 
In  reference  to  reconciling  the  facts  of  the  Pittsburgh  tests 
with  statements  that  I  made  that  copper  is  of  no  benefit  to  steel, 
I  distinctly  stated  that  I  referred  to  tests  in  general  and  not  to 
atmospheric  tests  alone.  For  instance,  it  is  a  recognized  fact 
that  copper  confers  no  benefit  whatever  where  water  instead  of  air 
predominates.  My  conclusions  therefore  were  from  tests  in 
general  and  not  one  specific  atmospheric  test. 

J.  W.  Richards"^'  :  In  view  of  the  remarks  of  Mr.  Aupperie 
I  think  it  would  be  advisable  if  the  author  would  correct  the  title 
to  read,  the  effect  of  these  elements  on  the  atmospheric  corrosion 
of  iron  and  steel,  since  that  was  the  subject  treated  in  the  paper. 
There  is  a  statement  also  at  the  top  of  page  232,  "It  has  been 
known  for  some  years  that  commercially  pure  iron  is  red- 
short."  Is  that  correct?  Commercially  pure  iron  is  not  red- 
short.  And  a  Httle  further  down:  "The  writers  have  shown 
that  this  red-shortness  is  due  to  copper."  But  the  iron  does 
not  always  contain  copper.  I  think  the  above  statement  means : 
"It  has  been  known  for  some  years  that  commercially  pure  iron 
which  contains  copper  is  red-short." 

L.  T.  Richardson  :  As  far  as  I  know,  commercially  pure  iron 
has  always  contained  copper  in  small  amounts,  and  I  think  the 
authorities  have  always  stated  that  it  was  red-short  and  should 
not  be  worked  within  this  range. 

J.  W.  Richards  :  Would  you  say  that  commercially  pure 
iron  not  containing  copper  is  red-short? 

L.  T.  Richardson  :  I  do  not  think  so,  but  I  think  commer- 
cially pure  iron  is  never  free  from  copper. 

J.  W.  Richards:    I  do  not  think  it  always  contains  copper. 

Colin  G.  Fink"  :  I  have  a  remark  to  make  in  regard  to  the 
method  of  expressing  corrosion  loss.  In  reviewing  papers  on 
corrosion  it  is  very  unfortunate  that  each  author  selects  his  own 
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unit,  and  I  think  it  is  up  to  the  Society  to  standardize  on  one 
particular  unit;  the  unit  of  loss  in  grams  per  square  centimeter 
per  year  is  a  very  convenient  one.  If  the  Society  would  stand- 
ardize on  that  or  a  similar  unit,  it  would  assist  readers  a  good 
deal.  The  curves  in  the  paper  before  us  are  expressed  in  three 
or  four  different  units.  In  regard  to  Mr.  Aupperle's  statement 
as  to  the  eft'ect  of  copper  on  red-shortness,  I  think  we  can  rec- 
oncile Dr.  Richards'  remarks  and  Mr.  Aupperle's.  We  know 
that  the  solubility  of  copper  in  iron  varies  considerably,  depend- 
ing upon  the  impurities  such  as  carbon  or  sulphur,  present  in  the 
iron.  It  is  conceivable  that  we  may  have  copper  present  and  yet 
the  metal  not  be  red-short;  two  samples  may  contain  the  same 
percentage  of  copper,  but  in  one  case  the  copper  is  in  solution  and 
in  the  other  in  the  interfaces. 

O.  W.  Storey^  (Communicated)  :  The  data  given  in  this  re- 
port are  very  interesting,  and  a  distinct  contribution  to  the  lit- 
erature on  the  corrosion  of  iron.  It  will  be  very  interesting  to 
know  what  the  results  are,  after  several  more  years  of  corrosion 
of  the  specimens  listed  in  this  paper.  Since  the  quantitative  data 
cover  only  the  corrosion  during  a  period  of  8  months,  it  may  be 
possible  that  the  results  will  have  materially  changed  during  a 
much  longer  period.  Mr.  D.  M.  Buck  has  shown  that  the  rate 
of  corrosion  of  the  alloy  steels  changes  materially  after  a  first 
preliminary  corrosion.  It  would  seem  from  this  that  the  quan- 
titative data  of  this  paper  show  the  rate  of  corrosion  of  these 
alloys  covering  the  first  losses.  I  do  not  believe  that  any  mater- 
ial change  will  come  in  the  relative  rates  of  the  low  and  high 
copper  alloys,  but  there  will  be  some  difference  among  the  high 
copper  alloys  themselves,  that  is,  it  may  be  possible  that  the  high 
copper  alloys  will  not  show  as  much  difference  among  themselves 
for  a  longer  period  of  time,  or  on  the  other  hand,  they  may  show  a 
much  greater  difference. 

The  figures  show  that  when  copper  is  added  to  pure  iron,  there 
is  a  decrease  in  the  amount  of  corrosion  until  about  1  percent 
copper  is  reached,  when  the  additional  increase  of  copper  does 
not  seem  to  show  any  additional  benefit.  The  results  of  the  tests 
by  the  American  Society  for  Testing  Materials  would  seem  to 

'  Metallurgical  Engineer.   C.   F.  Burgess  Lab.,   Madison.  Wis. 
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indicate  that  the  data  given  in  this  paper  cannot  be  apphed  to 
ordinary  steels.  A  study  of  the  figures  given  in  the  report  of 
Committee  A-5  during  the  23rd  Meeting  of  the  American  Society 
for  Testing  Materials,  June  22-25,  1920,  seems  to  show  that  there 
is  another  element  influencing  the  rate  of  corrosion  of  steel  besides 
copper  or  manganese.  In  groups  B,  H,  I,  K,  M,  T,  and  Z  the 
amount  of  manganese  is  practically  the  same.  The  copper  con- 
tent does  not  vary  much,  yet  in  some  of  these  cases  the  sheets 
have  gone  completely,  while  in  other  cases  they  seem  to  be  in 
excellent  condition.  The  only  element  which  seems  to  have  an 
influence  is  the  phosphorus.  The  low  phosphorus  sheets  among 
the  open-hearth  steels  have  failed,  while  the  high  phosphorus 
sheets  apparently  are  in  good  condition.  The  only  exception  is 
group  H,  and  this  group  shows  a  higher  phosphorus  content  than 
any  of  those  which  have  failed,  and  the  report  of  the  Committee 
also  shows  it  to  be  corroding  faster  than  those  higher  in  phos- 
phorus. All  of  the  pure  irons  are  low  in  phosphorus,  and  all  of 
these  pure  iron  sheets  are  failing.  Those  higher  in  copper,  how- 
ever, fail  at  a  slower  rate  than  those  low  in  copper.  It  is  apparent, 
therefore,  that  while  copper  is  the  main  influence,  some  other 
element  or  condition  has  a  secondary  influence.  From  the  data 
given  in  the  Committee  Report,  phosphorus  would  seem  to  be  the 
secondary  element,  rather  than  manganese.  More  data  are  re- 
quired, however,  to  determine  exactly  whether  the  influence  of 
the  phosphorus  is  of  benefit.  Buck  has  shown  that  steel  contain- 
ing high  phosphorus  is  more  resistant  to  corrosion  than  one  con- 
taining low  phosphorus,  although  he  believes  that  sulphur  is  the 
cause  of  the  rapid  corrosion  of  steel  sheets  low  in  copper. 

While  the  data  of  this  paper  leave  no  doubt  as  to  the  bene- 
ficial influence  of  either  manganese  or  chromium  when  added  to 
copper-irons,  it  does  not  necessarily  follow  that  high  manganese 
or  chromium  will  have  the  same  beneficial  influence  on  all  of  the 
steels  high  in  phosphorus  and  other  elements. 

It  has  been  suggested  to  the  writer  that  the  high  phosphorus 
forms  a  copper  phosphide,  which  forms  an  inter-grain  cement, 
which  is  especially  resistant  to  corrosion.  This  idea  was  taken 
from  the  use  of  phosphorus  in  phosphor  bronzes. 

J.  A.  AuppERLE  (Communicated  Jan.  25,  1921)  :    I  have  since 
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had  the  opportunity  to  study  the  effect  of  copper  when  added  to 
electrolytic  iron ;  the  alloys  of  iron  and  copper  being  made  in  an 
Arsem  furnace.     These  alloys  analyzed  as  follows : 


Silicon    

Sulphur    

Phosphorus  

Carbon    

Manganese    

Copper    

Oxygen    

Carbon  monoxide 


Ingot 

Ingot 

Ingot 

No.  31 

No.  32 

No.  33 

Percent 

Percent 
0.060 

Percent 

0.031 

0.040 

0.015 

0.014 

0.018 

0.004 

0.004 

0.004 

0.015 

0.015 

0.010 

0.006 

0.015 

0.024 

0.050 

0.090 

0.336 

0.040 

0.020 

0.023 

0.018 

0.011 

0.013 

Ingot 
No.  34 
Percent 


0.070 
0017 
0.007 
0.018 
0.024 
0.504 
0.021 
0.012 


In  my  discussion  I  assumed  that  the  presence  of  silicon  in  the 
vacuum  furnace  melted  iron  may  have  been  responsible  for  the 
red-shortness  noticed  by  the  Messrs.  Richardson.  These  alloys, 
as  seen  from  the  above  analyses,  had  absorbed  silicon  from  the 
lining. 

A  careful  forging  test  was  made  on  each  of  these  alloys  by 
working  them  back  and  forth  over  an  anvil  at  temperatures  rang- 
ing from  1100°  to  500°C.  This  is  a  very  satisfactory  test  for 
determining  whether  the  metal  is  red-short.  The  alloys  exper- 
imented with  ranged  from  0.05  to  0.5  percent  copper,  and  it  was 
found  that  there  was  absolutely  no  red-shortness  in  the  higher 
copper  alloys,  and  only  a  slight  red-short  tendency  was  observed 
on  the  ingot  containing  0.05  percent  copper.  This  alloy  incident- 
ally contained  only  a  trace  of  manganese,  which  undoubtedly 
caused  the  metal  to  be  slightly  red-short.  The  important  factor, 
however,  is  that  we  could  not  substantiate  the  Messrs.  Richard- 
son's claim  that  the  higher  the  copper  the  more  red-short  the  metal 
up  to  a  half  percent  copper. 

These  tests  also  have  shown  that  the  silicon  in  these  alloys 
made  in  an  Arsem  furnace  does  not  have  the  same  influence  as 
silicon  added  to  pure  iron  made  in  open-hearth  furnaces. 

These  tests  confirm  what  I  claimed  in  my  discussion  that  cop- 
per does  not  cause  red-shortness ;  this  phenomenon  is  largely  de- 
pendent upon  the  sulphur  content. 
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ly.  T.  Richardson  (Communicated)  :  It  is  rather  difficult  to 
answer  Mr.  Aupperle's  discussion  since  there  is  so  much  destruc- 
tive criticism  and  so  little  constructive  criticism  in  it.  Most  of 
his  remarks  are  not  germane  to  the  paper  in  question. 

He  objects  to  our  quoting  Dr.  A.  S.  Cushman  as  follows: 
"Copper  in  either  iron  or  steel  is  not  a  prime  factor  in  corrosion 
resistance  under  the  varied  conditions  of  service,"  saying  that  Dr. 
Cushman  referred  to  "varied  conditions  of  service."  Is  not  at- 
mospheric corrosion  one  of  the  varied  conditions  of  service?  Is  it 
not  the  most  important  condition  of  service  ? 

Mr.  Aupperle  also  objects  to  our  referring  to  the  work  of  Kal- 
mus  and  Blake  because  the  material  tested  by  them  contained 
about  0.15  percent  carbon  which  was  obtained  from  the  "graphite 
crucible  used"  according  to  Mr.  Aupperle.  Kalmus  and  Blake 
made  their  alloys  by  melting  A.R.M.Co.  iron  and  the  alloying 
elements  in  a  clay  crucible  in  a  gas-fired  furnace.  According  to 
the  authors,  the  small  amount  of  carbon  present  in  the  alloys  was 
absorbed  from  the  gas.  Apparently  Mr.  Aupperle  is  mistaken 
in  his  reading  of  this  paper  by  Kalmus  and  Blake.  Kalmus  and 
Blake's  alloys  were  substantially  pure  iron  with  copper  added  and 
they  came  to  the  conclusion  that  copper  added  to  pure  iron  in- 
creased the  resistance  to  corrosion. 

The  same  gentleman  also  objects  to  our  quoting  a  paper  by 
O.  W.  Storey.  Storey  found  from  a  number  of  specimens  of 
fence  wire  that  all  specimens  of  steel  wire  that  were  rust-resisting 
contained  copper.  Two  pieces  of  wrought  iron  were  also  found 
that  appeared  to  be  rust  resisting.  These  two  wires  were  wrought 
iron  and  not  pure  iron  as  might  be  surmised  from  Mr.  Aupperle's 
discussion.  Moreover,  Mr.  Aupperle  forgets  to  state  that  one  of 
these  wires  (5a)  contained  large  pits  and  that  the  other  (18a) 
was  originally  painted.  Furthermore,  our  paper  does  not  deal 
with  the  corrosion  of  wrought  iron  so  that  there  is  no  reason  why 
we  should  quote  the  findings  of  Mr.  Storey  on  a  material  foreign 
J:o  the  subject  of  this  paper. 

Mr.  Aupperle's  discussion  of  Mr.  Speller's  work  on  the  corro- 
sion of  iron  pipe  has  nothing  to  do  with  atmospheric  corrosion 
and  does  not  belong  in  a  discussion  of  this  paper. 

The  argument  that  sheet  iron  is  usually  given  some  protective 
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coating  such  as  paint  or  galvanizing  is  true.  At  the  same  time 
protective  coatings  do  not  last  forever  and  are  often  broken  or 
removed  in  spots,  so  that  the  more  rust  resisting  the  base  metal 
the  better. 

Mr.  Aupperle's  statement  that  all  grades  of  uncoated  iron  and 
steel,  with  or  without  copper,  have  failed  in  three  years  in  the 
Pittsburgh  district,  is  too  indefinite  to  mean  anything.  What  was 
the  gauge  of  the  sheets?  If  the  sheets  were  thin  enough  all  might 
fail  in  one  year  or  if  thick  enough  all  might  last  50  years.  The 
official  test  of  the  American  Society  for  Testing  Materials  on  22- 
gauge  uncoated  sheets  at  Pittsburgh  shows  all  of  the  copper- 
bearing  steels  still  intact  at  the  end  of  three  years  and  all  of  the 
copper-free  steels  and  commercially  pure  irons  (A.R.M.Co.  Iron- 
included)  to  have  failed.  It  is  rather  surprising  that  Mr.  Aup- 
perle,  as  a  member  of  the  Corrosion  Committee  of  the  American 
Society  for  Testing  Materials  should  make  such  a  misstatement 
as  the  above. 

Much  of  Mr.  Aupperle's  discussion  is  taken  up  with  his  objec- 
tions to  the  statement  that  copper  causes  iron  to  be  red-short,  with 
which  he,  as  usual,  disagrees.  He  begins  by  saying  that  copper 
does  not  make  commercially  pure  iron  red-short  provided  that 
the  sulphur  is  below  0.01  percent.  We  would  infer  from  this  that 
if  sulphur  is  above  0.01  percent  that  copper  does  cause  red-short- 
ness. Mr.  Aupperle  thinks  that  the  addition  of  silicon  to  electro- 
lytic iron  may  cause  it  to  be  red-short,  yet  he  does  not  explain 
why  the  same  iron  free  from  copper  is  not  red-short.  Later  on, 
in  some  of  his  own  work,  he  finds  that  silicon  does  not  cause  red- 
shortness  in  electrolytic  iron.  His  conclusion  that  small  amounts 
of  silicon  added  to  commercially  pure  iron  causes  it  to  be  red- 
short  is  not  warranted  because  such  iron  is  never  free  from  copper, 
and  is  still  red-short  when  free  from  silicon.  He  reports  the 
results  of  forging  tests  on  four  alloys,  numbers  31-34,  one  of 
which  was  red-short.  These  alloys  were  tested  over  an  anvil  at 
temperatures  ranging  from  1,100°  C.  to  500°  C.  It  is  unfortunate 
that  Mr.  Aupperle  did  not  state  the  results  of  his  tests  above 
1,100°  C.  and  also  tests  of  electrolytic  iron  free  from  copper.  Alloy 
31  containing  0.015  percent  sulphur  and  0.05  percent  copper  is 
red-short.    If  sulphur  is  the  cause  of  this  red-shortness,  then  elec- 
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trolytic  iron  containing  0.015  percent  sulphur  and  free  from  copper 
should  be  red-short.  Of  all  the  published  data  on  forging  tests 
of  electrolytic  iron,  we  know  of  no  case  where  this  has  been  found. 

Our  paper  deals  primarily  with  ordinary  commercial  irons  and 
not  with  iron  of  extreme  purity  such  as  electrolytic  iron.  In  the 
present  state  of  our  knowledge,  we  do  not  believe  that  with  such 
irons  red-shortness  can  be  attributed  to  sulphur.  In  ordinary  iron 
where  sulphur  is  relatively  high  and  manganese  low  the  iron  is 
red-short  due  to  an  intergrain  film  of  iron  sulphide.  When  man- 
ganese is  added,  insoluble  MnS  is  formed.  It  is  known  that  MnS 
is  produced  because  it  can  be  detected  and  identified  under  the 
microscope. 

When  it  comes  to  traces  such  as  are  present  in  Mr.  Aupperle's 
electrolytic  iron,  phase  relations  and  mass  action  may  change  con- 
ditions entirely  and  other  conditions  may  result.  With  commer- 
cial irons  we  are  still  convinced  that  copper  causes  red-shortness 
and  that  this  may  be  eliminated  by  the  addition  of  manganese. 
When  one  speaks  of  iron  or  steel  one  means  iron  with  the  usual 
impurities,  such  as  P,  S,  C,  etc.  If  now  it  is  found  that  copper 
added  to  such  an  iron  produces  red-shortness,  we  believe  that  we 
are  perfectly  accurate  in  saying  that  copper  is  the  cause.  This 
follows  from  the  definition  of  iron.  It  matters  not  which  impurity 
combines  with  copper,  assuming  that  it  does,  to  cause  red-short- 
ness. If  these  impurities  are  usually  present  in  the  iron,  then  it 
may  be  said  that  copper  is  the  primary  cause.  The  Navy  Depart- 
ment finds*  that  when  copper  is  present  in  steel  a  higher  man- 
ganese content  is  needed  to  prevent  red-shortness. 

Prof.  Richards  questions  our  statement  that  commercially  pure 
iron  is  red-short  and  that  it  always  contains  copper.  We  have 
never  seen  an  analysis  of  commercially  pure  iron  that  does  not 
show  0.02  to  0.05  percent  of  copper.  This  fact  is  so  readily 
admitted  even  by  the  manufacturers  themselves,  that  there  is  no 
question  as  to  its  truth.  The  same  is  true  as  to  the  red-shortness 
of  commercially  pure  iron.  The  trade  catalogues  of  the  manufac- 
turers admit  that  their  product  is  red-short  and  some  of  the  claims 
of  the  Carnahan  patents  on  commercially  pure  iron  are  based  upon 
this  property.® 

'  Clieniical   and  Metallurgical   Engineering,  Feb.   11,   1920. 

•French  patent  467,332;  Norwegian  patent  27,684;  U.  S.  patent  1,090,115;  British 
patent  28,571. 
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Dr.  Fink's  criticism  is  constructive  and  confirms  our  conten- 
tion that  copper  need  not  be  present  as  metallic  copper  but  perhaps 
as  some  compound  of  copper. 

It  is  very  probable  that  other  elements  such  as  phosphorus  and 
sulphur  affect  the  corrosion  of  copper-bearing  iron  and  steels  and 
it  is  not  surprising  that  Mr,  Storey  should  find  examples  of  this 
in  the  data  of  the  corrosion  test  of  the  American  Society  for  Test- 
ing Materials.  In  fact,  it  would  be  strange  if  such  differences  did 
not  occur.  It  is  too  early  yet  to  draw  detailed  conclusions  from 
this  test  and  only  general  ones  are  warranted.  The  Z  test  seems 
to  indicate  that  copper-bearing  Bessemer  steels  (high  phos.)  are 
no  better  than  copper-bearing  open-hearth  steels  (low  phos.). 
Other  work  by  Buck  also  indicates  this.  We  still  believe  that  a 
high  manganese,  high  copper  steel  would  be  decidedly  more  rust- 
resisting  than  any  material  in  the  official  test  as  reported  by  Mr. 
Storey. 
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THE  SOLUTION  OF  METALS  IN  ACIDS  AS  RELATED  TO 
CORROSION.' 

By  William  D.  Richardson.' 
1 

INCONSISTENCIES  OF  THE  ELECTROCHEMICAL  SERIES. 

The  inconsistencies  shown  by  the  electrochemical  series  of  the 
metals  as  regards  solution  in  acids  and  corrosion,  which  may  be 
defined  as  the  solution  of  metals  in  water  or  electrolytes,  in  the 
presence  of  air,  are  numerous.  For  one  cause  or  another,  the 
tendency  of  many  metals  to  go  into  solution  in  acids  is  quickly 
slowed  down,  and  thereafter  solution  stops  altogether  or  the  rate 
becomes  so  low  as  to  be  negligible.  To  give  a  concrete  example, 
aluminium,  from  its  position  in  the  electrochemical  series,  ought 
to  dissolve  readily  and  rapidly  in  acids,  and  corrode  rapidly  in 
water,  as  compared  to  copper.  Nevertheless,  under  many  condi- 
tions the  rates  for  the  two  metals  are  close  together,  and  under 
some  conditions  the  rate  is  higher  for  copper  than  for  aluminium, 
whereas  iron,  which  occupies  a  position  about  midway  between 
the  two,  as  a  rule  dissolves  more  rapidly  in  both  acid  and  neutral 
media  than  either. 

Different  investigators  give  the  different  metals  somewhat  dif- 
ferent positions  in  the  electrochemical  series,  due  perhaps  pri- 
marily to  differences  in  the  experimental  conditions  maintained, 
but  the  following  table  represents,  generally  speaking,  the  con- 
sensus at  present  on  the  subject.  It  should  be  noted,  in  passing, 
that  the  differences  in  experimental  conditions  referred  to  are  of 
the  same  kind  and  of  the  same  order  which  also  affect  the  various 
metals  under  corrosion  conditions  and  when  dissolving  in  acids. 

'  Manuscript  received    -August   9,    1920. 

'  Chief  Chemist,  Swift  &  Co..  Chicago,  111. 
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Electrochemical  Series  of  the  Elements. 


Non-metals 

Metals 

Fluorine 

Osmium 

Hydrogen 

Magnesium 

Oxygen 

Rhodium 

Lead 

Calcium 

Chlorine 

Iridium 

Tin 

Strontium 

Bromine 

Gold 

Nickel 

Barium     , 

Iodine 

Platinum 

Cobalt 

Lithium 

Sulphur 

Palladium 

Iron 

Sodium 

Phosphorus 

Silver 

Cadmium 

Potassium 

Selenium 

Mercury 

Zinc 

Rubidium 

Nitrogen 

Copper 

Manganese 

Caesium 

Boron 

Arsenic 

Chromium 

Carbon 

Bismuth 

Aluminium 

Silicon 

Antimony 

RELATION  OF  SOLUTION  IN  ACIDS  TO  CORROSION. 

It  has  been  realized,  ever  since  the  electrolytic  theory  of  cor- 
rosion was  put  forward,  that  there  must  be  a  rather  intimate 
relation  between  the  phenomena  of  solution  of  metals  in  acids  and 
corrosion  itself,  and  numerous  attempts  have  been  made  to  develop 
a  so-called  accelerated  corrosion  test  in  acids,  particularly  for 
various  kinds  of  iron  and  steel,  which  would  run  parallel  to  actual 
corrosion  tests  under  service  conditions,  for  the  respective  metals. 
All  such  attempts  have  proven  failures,  and  the  course  of  cor- 
rosion has  been  found  to  be  different  from  that  of  solution  in 
acids,  so  that  the  latter  could  not  be  made  to  serve  as  an  index 
of  the  former.  Thus,  not  only  do  the  metals  dissolve  in  acids 
in  a  different  order  from  that  which  might  be  expected  from  the 
electrochemical  series,  but  they  follow  a  still  different  order  of 
corrosion,  or,  rather,  of  corrodibility. 

Some  of  the  anomalies  of  the  electrochemical  series  were  dis- 
cussed in  a  previous  paper.^  In  that  paper  certain  experiments 
were  reported  which  showed  a  comparison  between  the  corrodi- 
bility of  aluminium  and  copper  imder  various  conditions  for  950 
days.  Under  most  of  the  conditions  the  two  metals  corroded  at 
approximately  equal  rates,  but  where  there  was  a  difference,  the 
copper  corroded  faster  than  the  aluminium.  Neither  corroded  at 
a  rate  comparable  to  that  of  iron  under  the  same  circumstances. 


'  Experiments   on    the   Corrosion    of    Iron    and    Steel. 
(1920). 


Proc.    Am.    Inst.    Chem.    Eng. 
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PRIMARY  ESSENTIALS  FOR  CORROSION  OR  SOLUTION  IN  ACIDS. 

These  essentials  have  been  stated  many  times,  in  different  forms, 
by  various  writers,  but  it  seems  advisable  to  re-state  them  here, 
since  it  appears  that  they  have  not  become  altogether  matters  of 
common  chemical  knowledge.    They  are : 

1.  The  dissolving  metal,  usually  of  relatively  high  solution 
tension. 

2.  A  voltaic  couple  consisting  of  a  metal  anode  (the  dissolving 
or  corroding  metal)  and  a  cathode,  which  may  be  metallic  or 
consist  of  impurities  found  in  or  on  the  metal,  graphite,  metallic 
oxides,  carbonates  or  other  compounds. 

3.  An  electrolyte  containing  hydrogen  or  metal  ions. 

4.  For  continued  solution  or  corrosion  the  cathode  must  be 
of  such  a  character  that  hydrogen  is  readily  released  therefrom 
so  that  polarization  is  avoided,  or  the  hydrogen  must  be  removed 
in  the  form  of  water  by  oxidation.  In  this  reaction  the  cathode 
material  may  assist  as  a  catalyst. 

5.  Corrosion  is  assisted  by  precipitation  of  the  first  products 
formed,  for  example,  as  oxides,  hydroxides  or  carbonates,  and 
suitable  reactions  are  brought  about  by  the  presence  of  oxygen, 
carbon  dioxide,  etc.  In  this  manner  the  osmotic  pressure  of  the 
dissolving  metal  is  kept  low. 

These  primary  essentials  and  various  retarding  factors  in  cor- 
rosion are  discussed  below. 

THEORETICAL  RATE  AND  ACTUAL  RATE. 

On  theoretical  grounds  it  may  be  assumed  that  corrosion  of 
metals  in  water  and  solution  of  metals  in  acids  tend  to  go  forward 
at  rates  proportional  to  the  solution  tension  of  the  metal  and  the 
hydrogen  ion  concentration  of  the  electrolyte,  in  the  absence  of 
disturbing  influences,  but,  as  a  matter  of  fact,  solution  and  cor- 
rosion rarely  proceed  at  this  theoretical  rate.  Under  nearly  all 
conditions,  one  or  another  influence  makes  itself  felt  in  such  a 
way  as  to  promote  or  retard  the  action,  and  it  is  necessary  in  each 
individual  case,  if  the  rate  of  solution  or  corrosion  is  to  be  deter- 
mined or  explained,  to  ascertain  the  positive  and  negative  ac- 
celerating effects  of  a  number  of  different  factors.     Neglecting 
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temperature  and  pressure,  some  of  the  principal  influences  which 
affect  the  rate  of  solution  and  corrosion  are  discussed  below  in 
detail.  Knowing  the  effect  of  each  of  these  influences,  there  can 
be  no  doubt  that  solution  in  acids  and  ordinary  corrosion  could 
be  completely  correlated. 

INFLUENCES  AFFECTING  THE  RATE  OF  SOLUTION. 

Of  all  the  influences  which  act  to  retard  or  prevent  the  natural 
tendency  of  metals  to  go  into  solution  in  acids  or  water  (cor- 
rosion) from  being  realized  in  proportion  to  the  tendency  (solu- 
tion pressure),  the  most  important  are  two  in  number,  and  in  this 
paper  I  call  them,  considering  both  in  the  broadest  sense,  the 
"hydrogen  influence"  and  the  "oxygen  influence,"  respectively. 
Each  of  these  is  greatly  modified  in  its  action  by  the  other  influ- 
ences enumerated,  such  as  the  condition  of  the  surface,  the  nature 
of  the  products  of  solution  or  corrosion,  the  presence  of  catalysts, 
oxygen  or  oxidizing  agents,  chlorine  or  other  halogens,  and  the 
composition  and  impurities  in  the  metals. 

Solution  Tension. 

The  solution  tension  of  a  metal  which  determines  its  position 
in  the  electrochemical  series,  one  might  suppose  would  be  a  domi- 
nant factor  in  determining  the  rate  of  solution  in  an  acid,  as  well 
as  the  rate  of  corrosion.  Abundant  evidence  shows  that  it  does 
neither  of  these  things.  It  represents  only  a  tendency  to  go  into 
solution,  a  tendency  which  under  the  ordinary  conditions  of 
experiment  is  so  quickly  brought  to  a  halt  by  various  influences, 
on  the  other  hand  so  readily  accelerated  by  catalysts,  and  so 
seldom  realized,  that  the  actual  order  of  corrodibility  and  solution 
of  metals  is  quite  at  variance  with  the  order  in  the  electrochemical 
series.  It  is  so  easily  over-balanced  by  polarization  with  hydro- 
gen, by  the  influence  of  oxygen  with  or  without  the  resultant 
formation  of  a  passive  layer,  by  the  effects  of  impurities  in  the 
metal  and  by  the  influence  of  the  products  of  corrosion,  that  it  is 
rarely  the  determining  factor. 

The  Hydrogen  Influence. 

By  this  term  are  designated  all  those  effects  which  result  from 
the  action  of  hydrogen  released  against  a  metal  surface  by  electro- 
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lytic  action  in  the  presence  of  an  acid  or  water  (corrosion).  When 
a  piece  of  relatively  pure  iron  such  as  ingot  iron  is  placed  in  dilute 
sulphuric  or  hydrochloric  acid,  very  little  visible  action  ensues. 
There  is  a  tendency  for  the  iron  to  go  into  solution  in  the  acid, 
thereby  releasing  the  hydrogen.  This  hydrogen  is  adsorbed  or 
occluded  by  the  iron  and  the  action  soon  comes  to  a  halt  or  pro- 
ceeds at  an  extremely  low  rate.  If  in  place  of  a  non-oxidizing 
acid,  however,  an  oxidizing  acid  such  as  nitric  is  used 
so  that  any  hydrogen  released  is  quickly  oxidized  to  water 
and  polarization  thus  prevented,  the  action  goes  forward 
at  an  enormously  accelerated  rate.  The  hydrogen  occluded 
by  the  iron  when  non-oxidizing  acid  is  used  can  be  released 
by  suitable  physical  means.  Such  a  piece  of  iron  can  be  shown  to 
be  electro-positive  to  a  piece  of  untreated  bright  iron  of  the  same 
sort,  carefully  cleaned  by  means  of  emery  cloth,  when  the  two  are 
placed  in  a  simple  cell  containing  neutral  salt  and  the  circuit  com- 
pleted through  a  milli-voltmeter.  When  a  catalyst  such  as  a  small 
amount  of  platinum  salt  is  added  to  the  non-oxidizing  acid  and  a 
piece  of  pure  iron  immersed  therein,  solution  goes  on  rapidly  with 
evolution  of  hydrogen.  Apparently  no  considerable  polarization 
results.  Cast  iron  too  dissolves  readily  in  non-oxidizing  acids, 
thus  suggesting  the  presence  of  catalysts  among  the  impurities. 
Graphitic  carbon  might  act  as  the  catalyst  in  this  case  by  serving 
as  a  cathode  and  releasing  the  hydrogen  ions  migrating  to  it. 

Yet  it  cannot  be  doubted  that  such  closely  related  phenomena 
as  the  solution  of  metals  in  acids  and  the  corrosion  of  the  same 
metals  in  water  in  the  presence  of  air  should  show  a  certain  degree 
of  similarity  and  that  the  one  type  of  reaction  should  be  compar- 
able with  the  other  either  directly  or  after  taking  into  considera- 
tion the  differences  in  the  two  cases.  Both  should  be  susceptible 
of  explanation  on  the  basis  of  the  electrolytic  theory  and  the 
electrochemical  series. 

In  a  previous  paper  an  attempt  has  been  made  to  work  out  a 
tentative  correlation  between  the  corrosion  of  iron  and  steel  in 
the  presence  of  abundant  oxygen  and  a  limited  supply  of  oxygen 
and  the  solution  of  the  same  metals  in  oxidizing  acids  and  non- 
oxidizing  acids.*     In  that  paper  the  results  show  that  pure  iron 

*  Rates  of  Solution   of  Iron  and   Steel   in   non-oxidizing  and  oxidizing  acids.     Proc. 
Am.  Inst  Chem.  Eng.,  Montreal  Meeting   (1920). 
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dissolves  relatively  less  in  non-oxidizing  acids  and  relatively  more 
in  oxidizing  acids  than  cast  metals,  such  as  grey  cast  iron  and 
semi-steel,  and  that  a  similar  relationship  holds  for  the  corrosion 
of  these  metals  in  the  presence  and  absence  of  oxygen.  A  sug- 
gested basis  for  an  index  of  corrosion  based  on  these  observations 
is  made  the  subject  of  a  succeeding  paper.  Many  more  correla- 
tions of  this  sort  remain  to  be  worked  out  for  various  other  metals 
besides  iron  and  steel. 

Thus  it  is  seen  that  when  a  metal  dissolves  in  non-oxidizing 
acids  the  resultant  hydrogen  may  be  adsorbed  or  occluded  by  the 
metal  surface  resulting  in  polarization  and  a  slowing  down  of  the 
rate  of  action ;  or  the  hydrogen  may  be  released  not  on  surfaces  of 
the  metal  going  into  solution,  but  on  cathodes  formed  by  impuri- 
ties in  the  metal,  such  as  graphitic  carbon  in  cast  iron  or  catalytic 
metals.  In  this  way  polarization  does  not  so  readily  supervene 
and  solution  goes  on  at  a  fairly  rapid  rate ;  or  in  the  presence  of 
oxygen,  an  oxidizing  agent,  or  an  acid,  the  hydrogen  may  be  oxi- 
dized to  water  at  the  cathodes  as  rapidly  as  it  is  produced  and  in 
this  way  removed  from  the  sphere  of  action  altogether.  Metallic 
catalyzers  probably  act  in  both  these  ways,  in  the  first  instance 
reducing  the  over-voltage  and  promoting  the  release  of  hydrogen 
and  in  the  second  catalyzing  the  hydrogen-oxygen  reaction. 

The  Oxygen  Influence. 
Oxygen  afifects  the  solution  of  metals  in  acids  and  in  water  in  a 
variety  of  ways,  generally  in  such  a  manner  as  to  accelerate  the 
action,  but  under  other  circumstances  in  such  a  way  as  to  prevent 
action  altogether.  Its  accelerating  action  is  due  usually  to  its 
oxidizing  effect  on  hydrogen  as  indicated  above  or  to  its  ability 
to  produce  cathodic  materials  by  acting  on  the  first  products  of 
corrosion,  for  example,  by  the  production  of  rust  in  the  corrosion 
or  iron.  The  passive  layer  on  a  metal  surface  may  also  be  classi- 
fied as  an  oxygen  effect,  and  when  such  a  layer  is  formed,  solu- 
tion is  prevented  altogether.  The  influence  of  oxygen  is  evidenced 
in  a  number  of  different  ways : 

1.  By  condensation  on  the  metal  surface  with  or  without  the 
production  of  a  film  of  oxide  so  as  to  produce  cathodic  areas ; 

2.  In  bringing  about  the  hydrogen-oxygen  reaction  so  as  to 
remove  hydrogen  as  water ; 
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3.  By  oxidizing  the  first  product  of  corrosion,  for  example, 
ferrous  compounds  to  ferric ; 

4.  By  producing  passivity. 

The  third  action  may  be  termed  in  general  a  precipitating  action 
as  distinguished  from  a  mere  oxidizing  effect.  Ordinary  oxi- 
dizing agents  and  oxidizing  acids  influence  the  solution  of  metals 
usually  by  oxidizing  the  hydrogen  produced  and  by  preventing 
polarization.  Generally  speaking,  the  oxygen  influence  is  one  of 
the  most  important  if  not  the  most  important  influence  of  all  in 
determining  the  course  of  corrosioi.  and  the  solution  of  metals  in 
acids. 

The  Carbon  Dioxide  Influence. 

It  has  been  held  by  several  investigators  that  an  acid  is  an  essen- 
tial prerequisite  to  corrosion.  This  is  true  in  the  sense  that  hydro- 
gen ions  or  the  equivalent  are  necessary.  Advocates  of  the  acid 
theory  of  corrosion  have  claimed  that  under  ordinary  circum- 
stances the  carbon  dioxide  of  the  air,  through  its  ability  to  produce 
carbonic  acid,  furnished  the  necessary  hydrogen  ions  for  corro- 
sion. This  point  has  been  the  subject  of  much  controversy  and 
some  of  the  experiments  brought  forward  to  prove  the  necessity 
for  the  presence  of  carbon  dioxide  in  atmospheric  corrosion  have 
been  criticized  and  the  results  questioned.  The  literature  on  the 
subject  is  voluminous.^  So  far  carbon  dioxide  or  carbonic  acid 
acts  as  an  acid,  but  it  may  also  act  as  a  precipitating  agent,  remov- 
ing metallic  ions  from  solution  and  keeping  the  osmotic  pressure 
of  the  dissolving  metal  at  a  low  point.  To  this  extent  and  in  this 
way  it  acts  in  a  manner  similar  to  oxygen  when  the  latter  assumes 
a  precipitating  role.  Thus  in  the  corrosion  of  lead  for  the  manu- 
facture of  white  lead,  carbon  dioxide  acts  primarily  as  a  precipi- 
tating agent  and  the  basic  lead  carbonate  precipitated  undoubtedly 
forms  cathodes,  thus  accelerating  the  corrosion  just  as  rust  accel- 
erates the  corrosion  of  iron.  For,  as  might  be  expected,  the  accel- 
erating influence  of  rust  on  the  corrosion  of  iron  is  not  an  unusual 
or  isolated  phenomenon.     The  products  of  corrosion  of  all  the 

»G.  T.  Moody,  Proc.  Chem.  Sec.  (1903),  19,  157,  239;  (1907),  23,  84;  Trans.  Chem. 
Soc.  (1906),  89,  720;  W.  R.  Whitney,  J.  A.  C.  S.  (1903),  25,  394;  H.  A.  D.  Jowett 
and  E.  Goulding,  Trans.  Chem.  Soc.  (1905),  87,  1548;  W.  H.  Walker,  J.  A.  C.  S. 
(1907),  29,  1251;  J.  A.  N.  Friend,  T.  Iron  Steel  Inst.  (1908),  1,  5;  W.  H.  Walker, 
J.  Iron  Steel  Inst.  (1909),  1,  69;  B.  Lambert  and  J.  C.  Thomson,  Trans.  Chem. 
Soc.  (1911),  97,  2426;  J.  A.  N.  Friend  and  J.  H.  Brown.  Trans.  Chem.  Soc.  (1911), 
97,   1302. 
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commoner  metals  such  as  aluminium,  zinc,  nickel,  lead,  copper,  etc., 
all  act  as  accelerators  of  corrosion  when  discontinuous  and  as 
protectors  against  corrosion  when  they  form  continuous  coatings 
adherent  to  the  respective  metals.  They  are  all  electro-negative 
in  character  to  their  parent  metals.  In  some  cases  the  products  of 
corrosion  tend  to  act  in  a  protective  capacity  rather  than  otherwise, 
and  in  other  cases  more  in  the  capacity  of  accelerators  of  corro- 
sion. For  the  most  part  the  latter  action  appears  to  predominate 
in  the  case  of  iron  and  the  common  varieties  of  alloys  of  iron. 
When  the  first  product  of  corrosion  is  capable  of  oxidation  to  a 
higher  oxide  or  compound,  the  electro-negative  character  of  the 
product  is  increased  and  hence  also  its  ability  to  act  as  an  accelera- 
tor. This  is  true  of  iron.  The  corrosion  of  manganese  has  not 
been  thoroughly  studied,  but  such  a  study  should  yield  important 
results. 

The  Cathode  Influence. 

In  the  absence  of  definite  cathodes  on  a  metal  surface,  corro- 
sion and  solution  in  acids  proceed  slowly.  In  general  polished  sur- 
faces and  very  pure  metals  do  not  dissolve  in  non-oxidizing  acids 
or  corrode  as  rapidly  as  less  pure  metals  and  unpolished  surfaces. 
When  suitable  cathodes  are  present  they  may  act  in  two  ways. 
First  as  regions  and  points  to  which  hydrogen  ions  migrate,  on 
which  hydrogen  is  deposited,  and  from  which  it  is  released  more 
or  less  readily  (usually  more  readily)  than  from  the  metal  under- 
going solution  or  corrosion ;  again  cathodes  may  act  in  such  a  way 
as  to  promote  or  accelerate  the  hydrogen-oxygen  reaction  by  which 
hydrogen  is  oxidized  to  water  and  so  removed  from  the  sphere  of 
action.  The  last  effect  naturally  can  occur  only  in  the  presence  of 
oxygen  or  an  oxidizing  agent.  Cathodes  sometimes  consist  of 
oxides  of  the  metal  undergoing  solution  as,  for  example,  ferric 
oxide  formed  when  iron  rusts,  or  an  insoluble  metallic  salt  as 
carbonate  or  basic  sulphate. 

TJie  Action  of  Catalytic  Materials, 

All  of  the  substances  (or  influences  as  I  have  termed  them  in 
this  discussion)  which  affect  the  theoretical  rate  of  solution  of 
corrosion  in  a  positive  or  negative  manner  so  as  to  accelerate  or 
retard  that  rate  may  be  considered  as  catalyzers ;  but  in  what  fol- 
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lows  the  results  of  experiments  with  metallic  catalyzers  are  par- 
ticularly discussed. 

A  reasonable  explanation  of  the  action  of  catalyzers  such  as 
platinum  and  the  more  noble  metals  generally  in  promoting  solu- 
tion in  acids  and  corrosion,  is  that  they  are  deposited  at  close  inter- 
vals over  the  surface  of  the  reacting  metals  (producing  what  may 
be  visualized  as  a  finely  mottled  effect)  so  as  to  form  catalytic 
cathodes  to  which  hydrogen  migrates  and  from  which  it  is  released 
more  readily  than  from  the  dissolving  metal  itself.  They  may  also 
act  as  accelerators  of  the  hydrogen-oxygen  reaction  when  oxygen 
or  an  oxidizing  agent  is  present. 

In  dealing  with  the  effect  of  metallic  catalyzers  on  solution  and 
corrosion  there  are  several  substances  present  as  impurities  in  the 
metals  or  evolved  therefrom  under  the  action  of  acids  or  during 
corrosion  which  may  affect  the  accelerating  or  retarding  influence 
of  the  catalyzers  themselves.  These  substances  are  especially 
sulphur,  arsenic,  hydrocarbons  and  other  catalyzer  poisons. 
When  comparing  the  accelerating  effect  of  catalyzers  on  relatively 
pure  samples  of  iron  and  impure  samples  such  as  cast  iron,  natur- 
ally very  much  larger  amounts  of  catalyzer  poisons  are  evolved 
from  the  latter  than  from  the  former,  and  in  a  complete  study 
of  the  subject  it  would  be  necessary  to  eliminate  these  influences 
one  by  one  in  order  to  ascertain  the  basic  facts.  In  the  present 
studies  the  metals  have  been  taken  as  ordinarily  produced  and 
experimented  with  in  their  original  condition,  thus  unfortunately 
involving  two  unknown  factors,  the  catalyzer  and  the  poison,  in 
the  same  experiment.  Nevertheless  some  conclusions  can  be 
drawn  from  even  these  experiments. 

The  Halogen  Influence. 

Byers  and  others  have  shown  that  passivity  phenomena  can 
readily  be  called  into  existence  by  the  electric  current  acting  in 
electrolytes  containing  oxygen  salts  and  acids,  but  not  in  halogen 
acids  or  salts  or  when  halogens  are  present.  Passivity  phenomena 
are  closely  related  to  the  oxygen  effect  which  shows  itself  in  con- 
nection with  the  solution  of  metals  in  acids  and  corrosion.  There- 
fore, the  solution  of  metals  in  halogen  acids,  such  as  hydrochloric, 
is  apt  to  take  a  different  turn  from  that  in  oxygen  acids  even 
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when  the  oxidizing  effect  of  these  is  rather  low.  No  attempt  is 
made  here  to  offer  any  hypothesis  explaining  the  action  of  chlorine 
at  anodes  during  the  solution  of  metals  in  acids,  but  the  facts 
appear  to  warrant  the  statement  that  chlorine  at  an  anode  has  a 
deoxidizing  effect  or  prevents  the  formation  of  the  oxide  film 
associated  with  any  passivity  phenomena  and  the  related  solution 
and  corrosion  phenomena.  Aluminium  shows  a  different  electro- 
lytic behavior  in  hydrochloric  from  that  in  nitric  or  even  in  sul- 
phuric acid  (see  below  Behavior  of  the  Aluminium-Iron  Couple). 
The  solution  of  aluminium  in  hydrochloric  acid  is  catalyzed  by 
platinum  but  not  in  sulphuric  acid.  Here  we  see  apparently  the 
oxygen  and  chlorine  effects  acting  in  contrary  directions. 

BEHAVIOR  OF   VARIOUS  COUPLES. 

Considerable  information  can  be  obtained  concerning  the  be- 
havior of  metals  in  acids  and  during  corrosion  from  their  behavior 
as  electrodes  in  a  simple  cell  containing  water,  acids  or  salts,  the 
electrodes  being  separated  by  a  diaphragm.  In  the  experiments 
described  and  discussed  below  a  sensitive  Weston  voltmeter  was 
used  as  the  indicating  instrument.  In  experiments  of  this  kind 
the  hydrogen  influence,  the  oxygen  influence,  the  halogen  influence, 
the  effects  of  the  products  of  corrosion  and  others  can  be  studied 
qualitatively.  Quantitative  experiments  are  not  included  in  what 
follows. 

THE  HYDROGEN  INFLUENCE  ON  PURE  IRONS,  CAST  IRON,  COPPER  AND 

ALUMINIUM. 

When  a  piece  of  relatively  pure  iron  such  as  ingot  iron  is  soaked 
in  dilute  sulphuric  acid  for  some  time  or  for  a  shorter  time  in 
stronger  acid,  say  10  percent,  as  is  well-known,  hydrogen  is  ab- 
sorbed and  the  metal  becomes  more  or  less  brittle.  This  hydrogen 
can  be  removed  by  physical  means.  When  such  a  piece  of  iron 
is  tested  in  a  simple  cell  containing  water  acidulated  with  dilute 
sulphuric  acid  against  a  similar  piece  of  iron  thoroughly  cleaned 
and  preferably  dipped  into  boiling  water  before  the  test,  the  acid- 
soaked  iron  shows  by  a  momentary  deflection  of  the  galvanometer 
needle  that  it  is  positive  to  the  untreated  iron.  Soon,  however,  the 
needle  is  strongly  deflected  in  the  opposite  direction  and  remains 
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SO  deflected.  If,  however,  instead  of  using  water  acidulated  with 
sulphuric  acid,  a  neutral  salt  solution  such  as  NaCl  or  Na2S04  is 
used,  and  the  iron  soaked  either  in  hydrochloric  or  sulphuric  acid, 
it  is  positive  to  untreated  iron  and  remains  so  for  a  long  time. 

Grey  cast  iron  or  semi-steel  soaked  in  either  sulphuric  or  hydro- 
chloric acid  and  tested  against  similar  iron  in  the  simple  cell  de- 
scribed above,  containing  either  dilute  sulphuric  or  hydrochloric 
acid  or  neutral  salt,  is  positive  to  the  untreated  cast  iron.  When 
such  a  piece  is  tested  in  dilute  acids,  the  cast  metal  presents  the 
peculiar  phenomenon  of  evolving  hydrogen  gas  at  the  anode,  that 
is,  from  the  acid-soaked  plate,  while  the  galvanometer  needle  indi- 
cates that  the  current  is  passing  from  this  plate  to  the  untreated 
plate.  This  is  similar  to  the  action  of  zinc  in  a  simple  cell  contain- 
ing acid  with  copper  as  the  cathode. 

Copper  soaked  for  a  long  time  in  dilute  sulphuric  acid  is 
always  decidedly  positive  to  untreated  copper  when  tested  in  dilute 
sulphuric  acid. 

Aluminium  when  soaked  in  dilute  sulphuric  acid  and  tested  in 
dilute  sulphuric  acid  is  always  negative  to  an  untreated  aluminium 
electrode.  The  same  holds  true  for  aluminium  soaked  in  HCl 
and  tested  in  neutral  NaCl  solution.  Since  aluminium  is  so  sensi- 
tive to  oxygen  it  might  be  expected  that  the  acid-soaked  metal, 
if,  in  fact,  it  contains  adsorbed  hydrogen,  would  be  positive  to 
untreated  aluminium.  This  point  has  not  been  fully  investigated, 
and  it  may  be  that  the  acid-soaked  metal  in  fact  retains  basic  sul- 
phate or  some  form  of  oxide  layer  on  its  surface  which  dominates 
the  action  and  directs  the  current  to  it  as  a  cathode.  This  behavior 
should  be  considered  in  connection  with  the  action  of  the  alu- 
minium-iron couple  and  the  solution  of  aluminium  in  acids  with 
platinum  as  catalyzer. 

Langdon  and  Grossman,  in  a  paper  presented  at  the  last  meeting 
of  this  Society,®  found  that  the  pickling  of  carbon  steels  in  both 
hydrochloric  and  sulphuric  acids  of  twice  normal  strength  pro- 
duced about  the  same  reduction  in  "stress  period,"  in  other  words, 
about  the  same  embrittling  effect,  but  that  "with  nitric  acid  prac- 
tically no  reduction  in  the  stress  period  of  rods  was  produced." 
Oxidizing  agents,  such  as  twice  normal  nitric  acid  and  molar 

•  The  Embrittling  Effects  of  Cleaning  and  Pickling  Upon  Carbon  Steels.  Trans 
Am.    Electrochem.    Soc.    (1920),   37,    543. 
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potassium  bichromate,  "exerted  no  measurable  effect  upon  the 
brittleness."  Interpreted  in  terms  of  hydrogen  occlusion,  these 
results  mean  that  approximately  the  same  amount  of  hydrogen  is 
occluded  from  both  HCl  and  H2SO4,  but  that  no  hydrogen  is 
occluded  from  HNO3.  They  did  not  experiment  with  either  pure 
irons  or  cast  irons. 

oxyge;n  influence  :   behavior  oe  the  aluminium-iron  couple. 

Instructive  light  on  the  oxygen  influence  in  general  and  the  rela- 
tionship of  oxygen  to  aluminium  in  corrosion  and  solution  phe- 
nomena in  particular  is  afforded  by  the  behavior  of  aluminium 
toward  iron  in  a  simple  cell  containing  the  dilute  acids. 

A  clean  piece  of  nearly  pure  iron  and  a  clean  piece  of  nearly 
pure  aluminium  dipped  into  dilute  sulphuric  acid  in  a  cell  fur- 
nished with  a  porous  asbestos  diaphragm,  the  terminals  being  con- 
nected through  a  sensitive  voltmeter,  present  the  curious  spectacle 
at  first  of  the  iron  being  positive  to  the  aluminium.  If  allowed 
to  remain  at  rest  for  some  time  the  aluminium  may  become  positive 
to  the  iron,  but  exposure  to  the  air  again  causes  it  to  become  nega- 
tive to  the  iron.  If,  on  the  other  hand,  the  iron  is  exposed  to  the 
air,  the  iron  may  become  negative  to  the  aluminium.  This  experi- 
ment again  shows  the  overbalancing  effect  of  the  oxygen  or  oxide 
electrode  in  the  case  not  only  of  iron,  but  of  a  metal  such  as 
aluminium  with  a  much  higher  solution  tension  than  iron. 

On  the  other  hand,  if  copper  is  substituted  for  the  iron  the 
aluminium  is  invariably  positive  to  it. 

In  dilute  nitric  acid  the  iron  is  also  positive  to  the  aluminium. 
If  the  iron  is  exposed  to  the  air  for  a  short  time  it  becomes 
electrically  neutral  or  even  slightly  electro-negative  to  the  alumin- 
ium. On  the  other  hand,  if  the  aluminium  is  exposed  to  the  air 
it  becomes  more  strongly  electro-negative  to  the  iron. 

If  both  pieces  are  simultaneously  exposed  to  the  air  and  dipped 
simultaneously  into  dilute  nitric  acid,  the  aluminium  is  electrically 
neutral  or  slightly  electro-negative  to  the  iron.  After  immersion 
in  the  dilute  nitric  acid  for  a  short  time  the  difference  in  potential 
increases,  the  iron  being  electro-positive  to  the  electro-negative 
aluminium.  If  the  couple  is  allowed  to  stand  for  some  time,  grad- 
ually the  aluminium  becomes  electro-positive  to  the  iron.    When 
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this  condition  has  been  reached  the  iron  pole  may  be  lifted  into  the 
air  and  replaced  in  the  cell  without  greatly  changing  the  deflection 
of  the  voltmeter  needle.  If  now  the  aluminium  pole  is  removed 
from  the  cell  and  brought  into  contact  with  the  air  for  a  short 
time,  the  aluminium  becomes  strongly  electro-negative  to  the  iron, 
stronger  in  fact  than  during  the  first  few  moments  of  the  experi- 
ment, nor  can  the  current  be  again  reversed  in  any  reasonably 
short  time  by  leaving  the  aluminium  pole  in  the  cell  and  exposing 
the  iron  pole  to  the  air.  These  experiments  show  of  how  little 
moment  is  solution  tension  in  corrosion  phenomena  in  the  pres- 
ence of  air,  oxygen,  or  an  oxidizing  agent,  and  how  easily  over- 
balanced the  relatively  high  solution  tension  of  aluminium  is  by 
oxygen  or  an  oxide.  By  preference  the  current  flows  from  iron 
with  low  solution  tension  to  aluminium  with  high  solution  tension, 
although  iron  itself  is  capable  of  forming  an  oxide  which  is 
strongly  electro-negative  to  iron  itself.  Evidently,  however,  oxy- 
gen on  an  aluminium  surface  or  an  oxide  of  aluminium,  if  this  is 
formed,  is  sufficiently  electro-negative  to  reverse  the  current. 

The  behavior  of  aluminium  against  iron  in  dilute  hydrochloric 
acid  in  the  cell  described  above  when  the  terminals  are  connected 
through  a  voltmeter  is  entirely  different.  In  this  case  aluminium 
is  positive  to  iron  throughout.  When  the  aluminium  and  iron 
electrodes  are  dipped  into  the  dilute  hydrochloric  acid,  at  the  out- 
set there  is  a  relatively  high  reading  which  gradually  drops  until 
maximum  polarization  is  reached  after  which  the  needle  remains 
steady.  Lifting  the  iron  electrode  into  the  air  for  a  short  time 
increases  the  voltage  reading  temporarily,  but  it  soon  drops  back 
to  the  former  reading.  Lifting  the  aluminium  pole  into  the  air 
does  not  change  the  reading  at  all.  With  aluminium  and  iron 
electrodes  in  dilute  hydrochloric  acid  it  is  not  possible  to  produce 
a  reversal  of  current  as  in  sulphuric  and  nitric  acids  and  evidently 
there  is  no  oxygen  or  oxide  influence  at  work,  or,  to  state  the 
matter  in  better  form,  the  oxygen  influence  is  overcome  and  domi- 
nated by  the  halogen  influence.  This  corresponds  to  Byers'  results 
on  the  passivity  of  iron  and  other  metals  since  he  found  that  pas- 
sivity could  not  be  induced  in  the  presence  of  halogen  acids  or 
compounds.    The  results,  therefore,  indicate  that  reversal  of  the 
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normal  direction  of  current  in  oxygen  acids  is  closely  connected 
with  passivity  phenomena  and  that  the  active  agent  in  both  classes 
of  phenomena  is  oxygen. 

THi;   OXYGEN    INFLUENCE:     OXIDIZING  AGENTS,   ACIDS,   SALTS, 
CHROMIC   ACID. 

It  is  seen  from  the  foregoing  that  the  oxygen  influence  makes 
itself  felt  not  only  when  free  oxygen  is  the  active  substance,  but 
also  when  oxygen  is  present  in  an  oxidizing  compound.  In  the 
case  of  a  metal  which  is  extremely  sensitive  to  the  oxygen  in- 
fluence such  as  aluminium,  an  oxygen  acid  which  is  ordinarily  not 
regarded  as  an  oxidizing  acid  and  which  in  fact  under  ordinary 
circumstances  is  not  capable  of  oxidizing  may  impose  the  oxygen 
influence  on  the  metal.  This  is  seen  in  the  behavior  of  aluminium 
in  sulphuric  acid.  Another  point  of  great  interest  is  that  the 
oxygen  influence  is  not  exhibited  in  the  presence  of  halogens. 

In  a  previous  paper^  the  behavior  of  iron  made  passive  by 
chromic  and  nitric  acid  toward  untreated  iron  is  discussed. 

While  iron  made  passive  by  chromic  acid  exhibits  the  reversal 
phenomenon  in  both  dilute  sulphuric  acid  and  sodium  sulphate 
solution,  nickel  on  the  contrary,  at  first  negative  to  untreated 
nickel,  soon  goes  to  zero  potential  and  remains  there,  showing  no 
tendency  to  reverse. 

When  copper  is  immersed  in  chromic  acid  solution  it  dissolves 
rather  rapidly.  A  copper  strip  treated  in  this  way  is  at  first  tran- 
siently negative  to  clean  untreated  copper,  but  soon  becomes  elec- 
trjcally  neutral  to  the  untreated  electrode  and  remains  so. 

Lead  exhibits  quite  another  behavior.  When  dipped  into 
chromic  acid  solution  it  becomes  covered  with  a  yellow  layer  (con- 
sisting of  chromate)  and  such  a  coated  strip  is  definitely  and 
steadily  negative  to  untreated  lead,  showing  a  very  constant 
potential  difference.  However,  the  coated  strip  of  lead  is  still 
positive  to  copper.  In  fuming  nitric  acid  lead  does  not  dissolve 
but  behaves  as  iron  does  and  many  other  metals.  A  strip  of  lead 
after  immersion  in  fuming  nitric  acid  is  slightly  negative  to  un- 
treated lead,  but  the  potential  soon  goes  to  zero. 

'  Experiments   on    the    Corrosion   of   Iron    nnd    Steel.      Proc.   Am.    Inst.    Chem.    Eng. 
(1920),   Montreal  Meeting. 
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THE  OXYGEN    INFLUENCE:     CAST  IRON,    NICKEL,    LEAD. 

The  oxygen  influence  as  shown  in  the  simple  cell  affects  differ- 
ent metals  very  differently.  Cast  iron,  for  example,  is  less  suscept- 
ible to  the  oxygen  influence  than  pure  rolled  metal,  and  this  accords 
with  the  behavior  of  cast  iron  in  non-oxidizing  and  oxidizing 
acids,  the  rates  of  solution  in  the  two  being  of  approximately  the 
same  order.  Nickel  is  very  susceptible  to  the  oxygen  influence, 
and  if  one  of  two  clean  electrodes  in  dilute  sulphuric  acid  is  raised 
momentarily  into  the  air,  on  reimmersion  that  one  becomes  elec- 
tro-negative to  the  one  remaining  submerged.  If  the  other  one  is 
raised  into  the  air  it  becomes  electro-negative  and  this  can  be 
repeated  any  number  of  times.  On  the  other  hand,  lead  is  not 
very  susceptible  to  the  oxygen  influence  as  shown  by  this  method 
of  experimentation.  Zinc  and  tin  are  slightly  susceptible ;  but 
some  effect  is  shown  by  all  the  metals  except  the  more  noble  ones. 
In  the  case  of  platinum  the  effect  is  negligible.  As  a  rule,  the  more 
noble  the  metal  the  less  the  oxygen  influence,  but  there  are  some 
important  exceptions,  and  the  order  of  the  electrochemical  series 
is  no  more  maintained  in  this  instance  than  in  the  general  cases 
of  corrosion  and  solution  in  acids. 

RATES  OF  SOLUTION  IN  ACIDS. 

It  is  questionable  whether  results  of  experiments  on  the  rates  of 
solution  of  metals  in  acids  can  be  exactly  duplicated  in  succeeding 
experiments,  and,  therefore,  it  is  advisable  whenever  possible  to 
compare  samples  directly  in  the  same  acid  and  the  same  bath.  If 
even  approximately  agreeing  results  are  to  be  obtained,  a  very 
careful  procedure  must  be  followed  and  the  size  of  the  plates,  the 
preparation  of  the  surface,  the  strength  and  temperature  of  the 
acid  must  be  strictly  regulated. 

1.  The  plates  used  should  be  of  sufficient  size  and  of  suitable 
dimensions,  not  less  than  4x4  inches  (10  x  10  cm.)  square  and 
preferably  6x6  inches  (15  x  15  cm.).  Rolled  plates  should  be 
No.  16  gauge,  and  cast  plates  ^  inch  (0.3  cm.)  thick  or  as  close 
to  this  dimension  as  possible. 

2.  Surfaces  should  be  clean  and  in  comparable  condition. 
Sandblasting  is  not  recommended,  except  for  preliminary  treat- 
ment. Grinding  or  rubbing  with  emery  to  a  smooth  but  not  pol- 
ished surface  is  probably  the  best  procedure. 
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3.  The  acid  concentration  should  be  maintained  constant  either 
by  using  a  large  volume,  operating  for  a  short  time  only  (consist- 
ent with  accurate  results)  or  by  circulating  the  acid  through  the 
dissolving  vessel  from  a  large  reservoir. 

4.  The  temperature  of  the  acid  should  be  maintained  constant 
by  the  use  of  a  thermostat,  by  the  use  of  large  volume  or  by  circu- 
lating the  acid  through  an  external  cooling  device. 

5.  The  length  of  time  for  the  different  classes  of  metals  should 
be  the  same  so  far  as  possible  and  (a)  long  enough  to  obtain 
significant  losses  and  establish  definite  surface  conditions,  (b)  not 
so  long  that  seriously  interfering  products  collect  on  the  surface, 
unless  (c)  a  further  separate  test  is  desired  to  ascertain  the  effect 
of  these  substances. 

Even  when  all  these  conditions  are  observed,  duplicate  results 
may  not  be  identical,  but  they  will  be  approximately  the  same,  and 
certainly  of  the  same  order. 

COMPARISON  OF  CORROSION  AND  ACID  SOLUTION  IN  TllSTS. 

In  the  past  the  principal  difficulty  seems  to  have  been  due  to  the 
comparison  of  unlike  things  or  unlike  conditions  when  an  attempt 
was  made  to  correlate  acid  solution  tests  and  corrosion  tests,  for 
example,  when  the  attempt  was  made  to  determine  the  corrodi- 
bility  of  a  sample  of  iron  or  steel  by  the  rate  of  solution  in  a  non- 
oxidizing  acid.  Such  a  comparison  might  be  made  for  conditions 
of  corrosion  wherein  little  or  no  oxygen  was  present.  It  is  now 
well  known  that  under  such  conditions  corrosion  proceeds  with 
extreme  slowness  and  that,  in  fact,  under  most  conditions  for  any 
given  kind  of  iron  or  steel  the  amount  of  corrosion,  other  things 
being  equal,  is  proportional  to  the  oxygen  available.  This  rule 
cannot  be  considered  absolute  under  actual  conditions  inasmuch  as 
oxygen,  the  accelerator  of  corrosion,  also  produces  adherent  rust 
which  may,  under  some  conditions,  become  a  protector  against 
corrosion. 

Acid  solution  tests  in  non-oxidizing  acids  can  be  compared  only 
with  corrosion  tests  under  non-oxidizing  or  practically  non-oxidiz- 
ing conditions ;  but  since  water  in  the  presence  of  which  corrosion 
takes  place  has  such  a  low  concentration  of  hydrogen  ions, 
whereas  the  strong  acids  have  such  a  relatively  high  concentration, 
the  time  factor  becomes  of  the  greatest  importance,  and  whereas 
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grey  cast  iron,  for  example,  dissolves  at  a  rapid  rate  in  normal  sul- 
phuric or  hydrochloric  acid,  it  dissolves  at  a  negligible  rate  in  water 
in  the  absence  of  air,  although  theoretically  it  should  dissolve  or 
corrrode  in  water  much  faster  than  purer  irons. 

A  comparison  of  the  results  of  corrosion  tests  under  oxidizing 
conditions  cannot  be  made  with  acid  solution  tests  unless  the  acids 
used  are  oxidizing  acids,  which  at  the  same  time  do  not  at  the  con- 
centration employed  develop  passivity  phenomena,  or  not  to  a 
greater  extent  than  does  atmospheric  oxygen.  It  is  possible  that  a 
method  might  be  developed  of  acting  upon  metals  by  non-oxidizing 
acids  in  the  presence  of  an  abundant  air  supply  and  that  such  tests 
might  be  comparable  with  corrosion  tests  under  oxidizing  condi- 
tions. While  some  results  obtained  indicate  a  slight  acceleration 
when  air  is  bubbled  through  normal  acid  in  which  an  experimental 
plate  was  immersed,  conclusive  results  have  not  been  obtained. 

What  has  been  said  of  non-oxidizing  acids  and  oxidizing  acids 
applies  also  to  other  conditions.  If  halogens  are  present  in  one  set 
of  experiments,  they  should  be  present  in  the  other.  The  influence 
of  cathodes  and  of  the  products  of  corrosion  should  be  brought 
into  play  in  one  case  as  well  as  in  the  other.  In  brief,  it  is  only  by 
making  the  two  sets  of  experiments  strictly  comparable  that  com- 
parable results  can  be  obtained  and  the  peculiar  behavior  of  each 
metal  must  be  known  before  an  accurate  interpretation  of  the 
results  can  be  looked  for, 

DISSOLVING  OF  METALS  BY  ACIDS  IN  THE  PRESENCE  OF  CATALYSTS. 

Following  the  suggestion  made  previously  that  the  solution  of 
metals  in  acids  and  corrosion  may  be  considered  as  actions  which 
tend  to  go  forward  in  the  absence  of  disturbing  conditions  at  rates 
proportional  to  solution  pressure  and  the  concentration  of  hydro- 
gen ions,  it  was  thought  that  one  of  the  first  steps  necessary  to 
gain  a  further  knowledge  of  the  behavior  of  dififerent  metals 
undergoing  solution  or  corrosion  would  be  their  behavior  in  acids 
with  various  metallic  catalysts.  The  impurities  in  iron  and  steel 
which  influence  their  rate  of  solution  or  corrosion  are  sometimes 
of  a  metallic  nature,  sometimes  non-metallic.  The  metals  as  cata- 
lyzers are  more  easily  studied  than  the  non-metals,  but  following 
a  study  of  the  metals  as  catalyzers,  the  study  of  the  non-metals 
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such  as  silicon,  graphite,  sulphur  (sulphides),  arsenic,  etc.,  should 
be  taken  up.  With  these  studies  in  hand  and  a  working  knowl- 
edge of  the  hydrogen  and  oxygen  influences  on  the  metals  and  the 
various  catalysts,  the  main  factors  for  the  correlation  of  solution 
and  corrosion  of  metals  would  be  available. 


SOLUTION    IN     SULPHURIC    ACID    WITH    AND    WITHOUT    PLATINUM 

CATALYZER. 

Experiments  were  made  on  the  rate  of  solution  of  four  kinds 
of  iron,  rolled  copper  and  aluminium  in  normal  sulphuric  acid  at 
16°  C.  with  and  without  the  addition  of  a  small  amount  of  plati- 
num. Table  I  shows  the  results  obtained.  The  plates  used  meas- 
ured 6x6  inches  (15  x  15  cm.)  square  and  were  No.  16  gauge 
with  the  exception  of  the  cast  metal  plates,  which  were  ^  inch 
(3  mm.)  thick. 

Table  I. 

Solution  of  iron,  copper  and  aluminium  in  normal  sulphuric  acid  alone 
and  with  the  addition  of  a  small  amount  of  platinum  salt  (0.5  g.  Pt  in  38 
liters).    Temperature  16°C. 


Loss  in  Grams 


H2SO4 


Loss,  5-hour     Average  Loss 
Period  per  Hour 


Copper  bearing  iron. .  0.6 

Open  hearth  pure  iron  i  3.8 

Grey  cast  iron '        44.3* 

Semi-steel    I        44.3* 

I     8-hr.  Period 
0.4 
0.12 


Copper   

Aluminium 


0.12 
0.76 

8.9* 
8.9* 


0.05 
0.02 


HaSOi+Pt 


Loss,  4-hour     Average  Loss 
Period  per  Hour 


19.6 
61.8 
38.3* 
38.4* 

0 
0.3 


4.9 

15.5 
9.6* 
9.6* 

0 
0.04 


*  Weight  after  sand-blasting  to   remove  adherent  layer  of  graphite,  etc. 

In  the  case  of  the  cast  metals  it  will  be  noticed  that  losses  are 
given  before  and  after  sand  blasting  for  the  reason  that  after 
the  action  of  the  acid  there  remains  on  the  cast  metal  surfaces 
a  layer  consisting  of  graphitic  carbon,  silicides  and  other 
impurities  disengaged  by  the  action  of  the  acid.  No  correction 
has  been  made  for  the  slight  diflPerence  in  thickness  of  the  cast 
metals. 

It  will  be  seen  from  the  table  that  the  copper  bearing  iron  dis- 
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solves  in  normal  sulphuric  acid  at  the  low  rate  of  0.12  g.  per  hour, 
which  is  accelerated  moderately  in  the  presence  of  platinum  to 
4.9  g.  The  open  hearth  pure  iron  dissolves  in  sulphuric  acid  alone 
at  the  rate  of  0.76  g.  per  hour,  and  this  rate  is  accelerated  to  a  con- 
siderable extent  by  the  addition  of  platinum,  namely,  to  15.5  g. 
per  hour.  The  grey  cast  iron  and  the  semi-steel  dissolve  at  the 
same  rate  in  sulphuric  acid,  8.9  g.  per  hour  and  this  rate  is  cata- 
lyzed to  a  very  slight  extent  by  the  addition  of  platinum.  As 
stated  before,  the  effect  of  poisons  was  not  eliminated. 

Copper  dissolves  in  the  sulphuric  acid  alone  at  an  extremely  low 
rate,  0.05  g.  per  hour  being  the  amount  lost,  and  in  the  presence 
of  platinum  there  is  no  loss  of  metal  whatever. 

SOLUTION  IN   HYDROCHLORIC  ACID  WITH  AND  WITHOUT  PLATINUM 

CATALYZER. 

The  results  in  this  instance  are  similar  in  general  to  those  in 
sulphuric  acid,  with  the  very  prominent  exception  of  aluminium. 
The  copper  bearing  iron  and  the  open  hearth  pure  iron  dissolve 
at  somewhat  lower  rates  in  hydrochloric  than  in  sulphuric  acid, 
and  this  may  or  may  not  have  been  due  to  some  condition  of  the 
experiment,  such  as  inexact  control  of  the  temperatures.  The 
grey  cast  iron  shows  a  relatively  similar  loss  in  hydrochloric  acid 
without  platinum  and  in  the  presence  of  platinum.  The  semi-steel 
behaves  as  might  be  expected.  The  copper  shows  the  same  pecu- 
liarity as  in  sulphuric  acid,  namely,  the  slightly  lower  rate  with 
platinum.  The  aluminium  dissolved  at  a  faster  rate  in  the  acid 
and  was  enormously  catalyzed  by  the  platinum,  so  that  it  became 
difficult  to  control  the  temperature,  and  the  figure  obtained  can 
only  be  considered  approximate.  The  difference  in  the  behavior 
of  aluminium  in  sulphuric  and  hydrochloric  acid  is  remarkable  and 
may  be  explained  by  the  difference  between  the  oxygen  and  the 
halogen  influence.    See  Table  II. 

SOLUTION    IN    NITRIC  ACID  WITH    AND  WITHOUT   PLATINUM 
CATALYZER. 

Table  III  shows  the  rates  of  solution  in  normal  nitric  acid,  and 
here  the  oxygen  influence  is  paramount.  The  pure  irons,  that  is, 
the  copper-bearing  iron  and  the  open-hearth  pure  iron,  dissolve  at 
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Table  II. 


Solution  of  iron,  copper  and  aluminium  in  normal  hydrochloric  acid 
alone  and  with  the  addition  of  a  small  amount  of  platinum  salt  (0.5  g.  Pt 
in  38  liters).    Temperature  16°C. 


Loss  in  Grams 

HCl 

HCl  +  Pt 

Loss,  5-hour 
Period 

Average  Loss 
per  Hour 

Loss,  S-hour 
Period 

Average  Loss 
per  Hour 

Copper  bearing  iron. . 
Open  hearth  pure  iron 
Grey  cast  iron 

Semi-steel   

Copper   

0.1 

0.6 

43.5 
58.3* 
26.8 
44.5* 

3  Hours 

0.3 
10.3 

0.02 

0.12    - 
8.7 
11.7* 
5.3 
8.9* 

0.1 

3.4 

16.0 

52.6 

44.0 

54.0* 

44.4 

52.7* 

0 

11.2 

3.2 
10.5 

8.8 
10.8* 

8.9 
10.5* 

0 

Aluminium    

Zl 

*  Weight  after  sand-blasting  to   remove  adherent  layer  of  graphite,   etc. 

Table  HI. 

Solution  of  iron,  copper  and  aluminium  in  normal  nitric  acid  alone 
and  with  the  addition  of  a  small  amount  of  platinum  salt  (0.5  g.  Pt  in  38 
liters).    Temperature  16°C. 


Copper  bearing  iron . . , 
Open  hearth  pure  iron, 
Grey  cast  iron 

Semi-steel , 

Copper   , 

Aluminium 


Loss  in  Grams 


HNOs 


Loss, 
1-hour 
Period 


35.4 

34.2 

22.2 

25.3* 

22.0 

25.7* 


Loss, 
8-hour 
Period 


Average 

Loss  per 

Hour 


0.1 
0.1 


35.4 

34.2 

22.2 

25.3* 

22.0 

25.7* 

0.01 
0.01 


HNOs  +  Pt 


Loss, 

1  H-hour 

Period 


47.8 

49.9 

30.7 

35.4* 

32.1 

37.6* 

S  Hours 

0 
0.3 


Average 

Loss  per 

Hour 


31.8 

33.2 

20.5 

23.6* 

21.4 

25.0* 

0 
0.06 


*  Weight  after  sand-blasting  to   remove  adherent  layer  of  graphite,  etc. 


very  rapid  rates  in  the  nitric  acid  alone  and  this  action  is  not  ac- 
celerated by  platinum.  In  fact,  the  actual  figures  obtained  in  the 
presence  of  platinum  are  slightly  less  than  in  the  acid  without  the 
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platinum.  This  difference,  however,  may  have  been  due  to  slight 
differences  in  the  conditions  of  the  experiments,  but  the  conclusion 
is  warranted  that  platinum  does  not  accelerate  the  solution  of 
these  irons  in  nitric  acid.  The  same  holds  for  the  two  cast  metals, 
which  dissolve  at  a  lower  rate  than  the  purer  metals  in  the  nitric 
acid,  and  platinum  does  not  exert  an  accelerating  effect.  The 
higher  rate  of  solution  of  the  purer  irons  over  that  of  the  cast 
iron  is  a  matter  of  great  interest  and  importance.  Copper  dis- 
solves to  a  very  slight  extent  only  in  the  normal  nitric  acid  and  to 
a  slightly  less  extent  in  the  presence  of  platinum.    The  results  for 

Table  IV. 

Solution  of  iron,  copper  and  aluminium  in  normal  acids  alone  and  with 
the  addition  of  a  small  amount  of  platinum  salt  (0.5  g.  Pt  in  38  liters). 
Temperature  16°  C. 


Loss  in   Grams  per  Hour 

HCl 

HCH-Pt 

H2SO4 

H2SO1 
+  Pt 

HNOs 

HNO, 

+  Pt 

Copper  bearing  iron.... 
Open  hearth  pure  iron.. 
Grey  cast  iron 

0.02 
0.12 
8.7 
11.7* 
5.3 
8.9* 
0.1 
3.4 

3.2 
10.5 

8.8 
10.8* 

8.9 
10.5* 

0 

0.12 
0.76 
8.9* 

8.9* 

0.05 
0.02 

4.9 

15.5 
9.6* 

9.6* 

0 
0.04 

35.4 
34.2 
22.2 
25.3* 
22.0 
25.7* 
0.01 
0.01 

31.8 
33.2 

20.S 

Semi-steel   

Copper   

Aluminium    

23.6* 

21.4 

25.0* 

0 

0  06 

*  Weight  after   sand-blasting  to   remove  adherent  layer   of  graphite,   etc. 

aluminium  show  no  appreciable  catalytic  effect  of  the  platinum  on 
the  rate  of  solution,  which  is  extremely  low  in  both  cases.  In 
general,  then,  platinum  does  not  catalyze  the  action  of  metals  on 
nitric  acid  unless  possibly  in  a  negative  manner.  Hydrogen  re- 
leased by  electrolytic  action  is  presumably  oxidized  promptly  to 
water  and  removed.  The  cathode  influence,  therefore,  is  of  no 
avail  in  promoting  solution. 


THE  PURER  IRONS. 

As  the  tables  show  (the  results  are  given  in  condensed  form  in 
Table  IV)  the  purer  irons,  such  as  open  hearth  and  copper  bear- 
ing, dissolve  at  a  low  rate  in  the  non-oxidizing  acids,  hydrochloric 
18 
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and  sulphuric  acid  (a  reservation  must  be  made  for  sulphuric 
acid  since,  as  is  suggested  below,  it  apparently  exerts  an  oxidizing 
influence  in  the  case  of  aluminium) .  Solution  is  accelerated  by  the 
presence  of  platinum  in  the  case  of  both  acids,  but  the  rate  of 
solution  is  much  lower  for  copper-bearing  metal  than  for  the  purer 
open-hearth  iron. 

In  nitric  acid  the  rates  for  copper-bearing  and  open-hearth  pure 
iron  are  practically  equalized  and  extremely  high  and  platinum 
exerts  no  accelerating  effect.  The  platinum  in  this  instance  was 
added  to  the  solution  in  the  form  of  nitrate  produced  by  evaporat- 
ing platinum  chloride  several  times  with  nitric  acid.  It  might  be 
thought  that  in  the  presence  of  nitric  acid,  platinum  is  not  depos- 
ited upon  the  metal  surface  and  hence  that  no  catalytic  action 
resulted.  However,  in  the  case  of  copper  and  aluminium  the 
plates  used  were  taken  from  previous  experiments  in  sulphuric 
and  hydrochloric  acid,  and  the  plates,  therefore,  had  platinum 
already  plated  out  on  them  from  the  previous  experiments. 


THE  CAST  METALS. 

The  grey  cast  iron  and  semi-steel''  form  an  interesting  series 
compared  to  the  purer  irons.  They  dissolve  much  more  readily 
in  hydrochloric  and  sulphuric  acid  (the  rate  is  of  the  same  order 
in  both  acids)  and  the  action  is  not  greatly  catalyzed  by  platinum, 
although  there  are  indications  of  a  moderate  accelerating  action. 
In  nitric  acid  the  rate  is  approximately  doubled  over  that  in  the 
non-oxidizing  acids  plus  platinum,  and  platinum  exerts  no  accel- 
erating influence. 

COPPER. 

This  metal  goes  into  solution  in  all  three  acids  at  a  very  low  rate, 
and  probably  would  not  dissolve  at  all  in  the  absence  of  oxygen. 
Platinum  possibly  exerts  a  negative  catalytic  effect,  a  matter 
which  requires  further  investigation.  The  copper  plate  used  was 
darkened  by  the  deposition  of  platinum  upon  it,  and  the  same  plate 
was  used  for  all  three  experiments,  so  that  there  was  a  deposit 
of  platinum  on  the  plate  in  the  nitric  acid  experiment. 

*  For  analyses  and  descriptions  of  all  the  metals  used  the  reader  is  referred  to  the 
paper  "Experiments  on  the  Corrosion  of  Iron  and  Steel."  Proc.  Am.  Inst.  Chera. 
Eng.    (1920). 
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AI^UMINIUM. 

Aluminium  behaves  in  a  peculiar  manner  in  all  acid  and  corro- 
sion experiments.  In  hydrochloric  acid  alone  it  dissolves  at  a  fair 
rate,  and  this  rate  is  enormously  catalyzed  by  platinum.  On  the 
other  hand,  in  sulphuric  acid  the  platinum  exerts  no  catalytic  effect 
whatever  in  a  positive  direction,  although  it  may  catalyze  nega- 
tively. Aluminium  also  fails  to  dissolve  to  any  appreciable  extent 
in  normal  nitric  acid  and  platinum  fails  to  catalyze  the  action. 
The  behavior  of  aluminium  is  probably  best  explained  by  the 
oxygen  influence  and  apparently  sulphuric  acid  is  capable  either  of 
exerting  an  oxidizing  influence  on  the  aluminium  surface  or  is 
unable  to  overcome  the  oxidizing  effect  of  atmospheric  oxygen, 
whereas  hydrochloric  acid,  well-known  to  be,  like  all  halogen 
acids,  an  adverse  influence  in  passivity  phenomena,  is  readily 
attacked  by  the  aluminium.  The  oxide  layer  or  the  passive  layer 
on  the  metal  surface  apparently  cannot  exist  in  the  presence  of  the 
halogen  acid.  Nitric  acid  also  acts  in  such  a  way  as  to  maintain 
the  oxide  or  passive  layer  on  the  aluminium,  thus  preventing 
solution. 

TH^  ACTION  OF  PI^ATINUM. 

If  it  is  true  that  platinum  when  it  catalyzes  the  action  of  iron  on 
non-oxidizing  acids  merely  supplies  cathodes  which  allow  of  the 
easy  disengagement  of  hydrogen  and  thus  prevent  polarization, 
catalysis  of  this  sort  admits  of  easy  explanation.  In  cast  iron 
apparently  this  function  is  performed  by  graphitic  carbon,  which 
is  present  in  considerable  volume.  In  nitric  acid  there  is  no  oppor- 
tunity for  polarization,  hence  platinum  does  not  catalyze.  On 
the  other  hand,  there  is  an  opportunity  for  the  oxygen  influence 
to  show  itself  and  to  inhibit  action  in  the  case  of  metals  easily 
influenced  to  produce  an  oxygen  protective  layer. 

SOLUTION   IN   ACIDS   WITH   SIIvVER  AS  CATALYZER:     TABLE   V. 

The  silver  was  introduced  in  the  form  of  chloride,  sulphate  and 
nitrate  in  the  respective  acids,  the  concentration  being  in  each 
case  10  grams  metallic  silver  in  100  liters  of  acid.  No  noticeable 
effect  was  produced  on  any  of  the  metals  tried  in  hydrochloric  or 
sulphuric  acids.  In  nitric  acid  the  silver  catalyzed  the  solution 
of  the  copper-bearing  and  open-hearth  pure  iron  negatively,  re- 


268 


WII^LIAM  D.  RICHARDSON. 


ducing  the  rate  about  50  percent.    On  the  other  hand,  the  rates 

for  the  grey  cast  iron  and  semi-steel  were  accelerated,  but  only 

moderately. 

Tabi^E  V. 

Solution  of  iron,  copper  and  aluminum  in  normal  acids  in  the  presence 
of  small  amount  of  silver.  10  g.  of  silver  in  100  liters  of  acid.  Temper- 
ature 16°C. 


jV/1  Hydrochloric 
Acid 

N/1  Sulphuric  Acid 

AT/l  Nitric  Acid 

Total  Loss 

for  2-hour 

Period 

Av.  Loss 
Hour 

Total  Loss 

for  3-hour 

Period 

Av.  Loss 

per 

Hour 

Total  Loss  Av.  Loss 
for  1-hour        per 
Period         Hour 

CC  Copper    bearing 
iron 

0.2 

0.1 

0.0 

0.0 

15.5      i 
15.9 

15.5 

KK  Open  hearth 

pure  iron 

0.1            0.05 

0.2           0.06 

15.9 

l-hr.Periodl 

2-hr.Period 

FF  Grey  cast  iron . . 

l.Z             7.Z 

10.8*       10.8* 

l-hr. Period 

14.5          7.25 
19.1*        9,55* 

2-hr. Period 

30.8 
36.1* 

30.8 
36.1* 

GG  Semi-steel  

7.1 
10.2* 

7.1 
10.2* 

14.0 
20.1* 

7.0 

10.05* 

33.9 
38.5* 

33.9 
38.5* 

i 

4-hr.Period 

Copper  

0.0 

0.0 

0.1 

0.03 

0.6 

0.15 

l-hr. Period 

Aluminium 

0.6              0.6 

0.3      I     0.1 

0.8 

0.20 

*  Weight  after  sand-blasting  to   remove  adherent  layer   of  graphite,   etc. 
SOLUTION   IN  ACIDS  WITH  COPPER  AS   CATALYZER:     TABLE  VI. 

The  copper  was  added  in  the  form  of  chloride,  sulphate  and 
nitrate  to  the  respective  acids,  10  grams  metallic  copper  being 
present  per  100  liters  of  acid.  In  hydrochloric  and  sulphuric  acid 
none  of  the  iron  plates  showed  any  appreciable  change  of  rate, 
although  the  cast  metals  in  hydrochloric  acid  showed  somewhat 
greater  losses  than  those  in  sulphuric  acid.  Still,  in  both  cases  the 
rates  were  of  the  same  order  and  of  about  the  same  order  as  when 
no  catalyzer  was  used.  Aluminium  showed  a  somewhat  increased 
rate  in  sulphuric  acid,  but  the  rate  was  not  very  large,  slightly 
greater  than  1  gram  per  hour. 

On  the  other  hand,  copper  appears  to  exert  its  greatest  influence 
in  nitric  acid.    As  has  previously  been  shown^  the  comparatively 

»  Rates  of  Solution  of  Iron  and  Steel  in  Non-oxidizing  and  Oxidizing  Acids.  Proc. 
Am.  Inst.  Chem.  Eng.   (1920). 
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pure  rolled  metals  dissolve  in  normal  nitric  acid  at  16°  C.  on  the 
average  about  twice  as  rapidly  as  do  the  grey  cast  irons  and  the 
semi-steels.  When  a  small  amount  of  copper  is  added  to  the 
normal  nitric  acid — in  this  instance  the  equivalent  of  10  grams  of 
metallic  copper  per  100  liters  of  acid — it  is  found  that  the  rate  of 
solution  for  the  purer  metals  is  catalyzed  negatively  so  that  in  the 
presence  of  copper  the  rate  is  lowered  to  about  two-thirds  the 
rate  without  copper.  In  the  case  of  the  cast  irons  and  semi-steels 
on  the  contrary  the  rate  is  catalyzed  positively  and  is  on  the 
average  approximately  doubled. 

Table  VI. 

,  Solution  of  iron,  copper  and  aluminium  in  various  acids  with  a  small 
amount  of  copper  present.  10  g.  of  copper  in  100  liters.  Temperature 
16°C. 


Hydrochloric  Acid 

Sulphuric  Acid 

Nitric  Acid 

Total 
Loss, 
2-hour 
Period 

Av.  Loss 

per 

Hour 

"""s-ho^ur'     Av.  Loss 
Period        P"  Hour 

Total 
Loss, 
2-hour 
Period 

Av.  Loss 

per 

Hour 

Copper  bearing  iron. 
Open  hearth  pure  iron 
Grey  cast  iron  

Semi-steel 

0.2 
0.8 

16.8 
21.5* 

15.6 
21.1* 

0 

1  hr. 

0.9 

0.1 

0.4 

8.4 
10.7* 

7.8 
10.5* 

0 
0.9 

0.1            0.02 

0.3             0.06 

■ 

31.8             6.3 
42.3*    i       8.4* 

31.8      '       6.3 
41.1*    1       8.2* 

0               0 

50.3 

45.4 

51.1 
55.0* 

53.5 
56.7* 

4hr. 

0 

25.1 

22.7 

25.5 
27.5* 

26  7 

Cooper   

28.3* 
0 

Aluminium    

Gain  in 
Weight 

5.9 

Gain  per 
Hour 

1.2 

4hr.     i 

1.2         n.^ 

*  Weight   after  sand-hlasting  to   remove  adherent  layer  of  graphite,  etc. 


The  copper  deposits  on  the  surface  of  the  dissolving  metals 
even  from  nitric  acid.  The  deposited  copper  acting  as  a  catalyst 
is  evidently  not  poisoned  by  the  sulphides  and  other  impurities 
arising  from  the  cast  metals.  According  to  the  older  views  of  the 
electrolytic  theory,  copper  in  contact  with  pure  iron  ought  to  cata- 
lyze positively  in  non-oxidizing  acids,  but  this  is  not  the  case.  Its 
effect  on  the  purer  metals  is  negligible,  nor  does  it  affect  the  cast 
metals  appreciably  in  non-oxidizing  acids.    Its  influence  seems  to 
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be  felt  only  in  nitric  acid  of  those  studied,  whether  in  a  positive 
or  negative  direction,  and  this  influence  appears  to  negative  the 
peculiar  action  of  nitric  acid  on  the  metals  as  contrasted  with  the 
non-oxidizing  acids.  In  the  case  of  those  metals  where  nitric 
acid  causes  an  increased  rate  of  solution,  the  presence  of  copper 
diminishes  this  action,  and  in  cases  where  nitric  acid  lowers  the 
rate  below  that  of  the  non-oxidizing  acids,  the  presence  of  copper 
increases  the  rate. 


Table  VII 

Solution  of  iron,  copper  and  aluminium  in  normal  nitric  acid  with  and 
without  metallic  copper. 


Copper  . . . . 
Aluminium 


N/l   Nitric  Acid.     Temp.   16°  C. 

Without  Copper. 
Av.  Loss  per  Hour 

10  gm.  Metallic 

Copper  per   100 

liters  of  Acid. 

Av.  Loss  per  Hour 

CC     Copper  bearing  iron 

30.0 

34.7 

22  5 

KK    Open  hearth  pure  iron 

18.9 

FF     Grey  cast  iron  

10.7 
13.5* 

8.9 

11.7* 

31.0 

GG     Semi-steel    

34.8* 
26.1 

32.3* 

0.0 
0.1 


0.0 
0.0 


*  Weight   after   sand-blasting   to    remove   adherent  layer    of   graphite,   etc. 


The  net  result  of  this  is  to  bring  the  rates  for  the  relatively  pure 
irons  in  nitric  acid  below  those  of  the  cast  metals.  This  point  is 
brought  out  again  in  the  figures  shown  in  Table  VII,  which  repre- 
sent a  second  experiment  with  and  without  copper  in  nitric  acid. 

Table  VIII  gives  the  results  on  two  different  samples  of  four 
kinds  of  iron,  duplicates  (1  and  2)  being  run  on  separate  plates. 
These  figures,  generally  speaking,  show  a  drop  to  two-thirds  in  the 
case  of  the  rolled  metals  in  the  pre'Sence  of  copper  and  an  increase 
of  approximately  100  percent  in  the  case  of  the  cast  metals. 

The  reduced  rates  for  the  purer  metals  in  nitric  acid  in  the 
presence  of  copper  as  catalyzer  are  doubly  interesting  on  account 
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of  the  claims  that  have  been  made  for  the  corrosion-resisting 
qualities  of  copper-bearing  iron.  It  will  be  noticed  that  the  results 
show  a  reduction  in  rate,  however,  both  for  the  copper-bearing  and 

Table  VIII. 

Solution  of  various   irons  in  iV/1   Nitric  Acid  without  and  with  small 
amount  of  copper.     10  g.  metallic  copper  per  100  liters  of  acid. 


AA  Copper   bearing   iron . . 

CC  Copper  bearing  iron... 

BB  Open  hearth  pure  iron 

KK  Open  hearth  pure  iron 

FF     Grey  cast  iron 

SS      Grey  cast  iron    

GG     Semi-steel    

RR     Semi-steel    


Temperature  16°  C. 

No. 

N/l  Nitric 

Acid. 

Loss  for 

1  Hour 

No. 

N/\  Nitric 

Acid  and 

Copper. 

Loss  for 

1  Hour 

1 

32.1 

1 

21.5 

2 

30.6 

2 

22.9 

1 

29.8 

1 

22.5 

2 

31.9 

2 

20.7 

1 

31.8 

1 

19.0 

2 

31.3 

2 

22.4 

1 

34.7 

1 

18.9 

2 

31.1 

2 

21.8 

1 

10.7 

1 

31.0 

13.5* 

34.8* 

2 

11.6 

2 

31.2 

16.0* 

35.6* 

1 

8.2 

1 

17.4 

12.2* 

25.3* 

2 

10.2 

2 

28.9 

16.1* 

34.4* 

1 

8.9 

1 

26.1 

11.7* 

32.3* 

2 

12.1 

2 

30.7 

15.5* 

34.7* 

1 

14.9 

1 

28.6 

18.7* 

32.1* 

2 

10.0 

2 

20.0 

14.9* 

28.4* 

*  Weight  after  sand-blasting  to   remove  adherent  layer  of  graphite,   etc. 

the  open-hearth  pure  iron,  indicating  that  if  copper  has  a  tendency 
to  decrease  the  rate  under  oxidizing  conditions  that  the  amount 
commonly  added  to  copper-bearing  mild  steel  does  not  produce  the 
maximum  effect. 
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SOLUTION    IN   ACIDS   WITH    NICKEL  AS   CATALYZER:     TABLE   IX. 

Nickel  when  added  as  chloride,  sulphate  and  nitrate  to  the  re- 
spective acids  in  concentration  equivalent  to  10  grams  of  metallic 
nickel  per  100  liters,  exerted  practically  no  effect  on  the  rates  of 
solution  of  any  of  the  metals  in  any  of  the  acids  with  the  exception 
of  aluminium  in  hydrochloric  acid.  This  rate  was  catalyzed 
from  its  normal  rate  of  something  less  than  1  gram  per  hour  in 
pure  acid  to  16  grams  per  hour.  In  sulphuric  acid  the  rate  was 
catalyzed  only  slightly. 

Table  IX. 

Solution  of  iron,  aluminium  and  copper  in  various  acids  with  a  small 
amount  of  nickel  present.  10  g.  of  metallic  Ni  per  100  liters.  Temperature 
16°C. 


Hydrochloric  Acid 

Nitric  Acid 

Sulphuric  Acid 

' 

Total  Loss, 
2-hour 
Period 

Av.  Loss 
per  Hour 

Total  Loss, 
S-hour 
Period 

Av.  Loss 
per  Hour 

Total  Loss, 
1-hour 
Period 

Av.  Loss 
per  Hour 

Copper  bearing 
iron   

Open  hearth 
pure  iron.... 

Grey  cast  iron. 
Semi-steel   

Copper   

Aluminium   . . . 

0.4 
0.6 

16.2 
23.1* 

15.0 
23.3* 

0.4 

30  min. 

8.0 

0.2 

0.3 

8.1 
11.6* 

7.5 
11.7* 

0.2 

16.0 

0.3 
1.3 

33.1 

43.3* 

31.8 
43.5* 

4hr. 
0 

1,4 

0.06 

0.26 

6.62 
8.66* 

6.36 
8.70 

0 

0.35 

32.1 
28.7 

11.4 
15.8* 

12.0 
16.8* 

5  far. 
0.9 

0.8 

32.1 
28.7 

11.4 
15.8* 

12.0 

16.8* 

0.18 
0.16 

*  Weight   after   sand-blasting  to   remove  adherent  layer  of  graphite,  etc. 

BEHAVIOR    OF   AN    ORGANIC    CATALYST,    FORMALDEHYDE. 

In  Table  X  are  set  forth  losses  from  copper-bearing  iron,  open- 
hearth  pure  iron,  grey  cast  iron  and  semi-steel  in  normal  sulphuric, 
hydrochloric  and  nitric  acids  plus  1  percent  actual  formaldehyde 
in  each  case.  In  the  non-oxidizing  acids  the  purer  rolled  metals 
show  little  change  of  rate,  but  the  solution  of  the  cast  metals  is 
strongly  catalyzed  in  a  negative  direction  to  about  one-third  of 
their  usual  rate  in  normal  acids.  In  nitric  acid  the  rates  of  the 
pure  metals,  on  the  other  hand,  are  catalyzed  negatively  to  about 
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one-half  their  usual  amounts,  while  those  for  the  cast  metals  are 
accelerated  by  about  50  per  cent.  In  general,  it  may  be  said  of 
these  results  that  they  emphasize  once  more  the  fact  that  the  be- 
havior with  or  without  catalyzers  in  non-oxidizing  acids  is  dif- 
ferent from  that  in  oxidizing,  and  again  that  the  behavior  of  the 
purer  rolled  metals  with  or  without  catalyzers  is  different  from 
that  of  the  cast  metals.  The  results  with  formaldehyde  are  in- 
serted at  this  point,  largely  for  the  purpose  of  contrasting  them 
with  the  results  obtained  by  the  use  of  metallic  catalyzers.  It  is 
difficult  to  see  that  there  can  be  any  similarity  in  mode  of  action 


Table  X. 

Rates  of  solution  of  6  x  6  inch  (15  x  15  cm.)  iron  plates  in  normal  acids 
at  16°C.  alone  and  with  the  addition  of  formaldehyde.  1  percent  actual 
formaldehyde  present.     Losses  in  grams  per  hour. 


HjSO* 


CC  Copper  bearing 
iron 

KK  Open  hearth 
pure  iron 


FF  Grey  cast  iron. 
GG  Semi-steel 


0.3 

0.3 

6.9 
10.4* 

7.6 
11.0* 


H2S04  + 

Formal- 
dehyde 

HCl 

0.2 

0.2 

0.2 

0.2     [ 

1.3 
2.7* 

7.5 
9.5* 

1.0 

2.5* 

7.8 
11.1*   1 

HCH- 
Formal- 
dehyde 


0.15 

0.0 

1.0 
3.1* 

1.3 

Z.7* 


HNO, 


31. 

30. 

16.0 
22.0* 

16.2 
23.1* 


NHOs-H 
Formal- 
dehyde 


17.0 

17.2 

29.0 
36.0* 

28.0 
35.0* 


•  Weight  after  sand-blasting  to   remove  adherent  layer  of  graphite,   etc. 

between  a  metallic  catalyzer  and  a  soluble  organic  substance  such 
as  formaldehyde,  and  yet  in  the  case  of  copper,  we  find  the  rates 
for  the  purer  irons  catalyzed  negatively  and  the  rates  for  the  cast 
metals  catalyzed  positively  as  in  the  case  of  formaldehyde.  Nat- 
urally, the  negative  and  positive  accelerations  are  not  the  same  for 
copper  and  for  formaldehyde,  because,  until  the  exact  mode  of 
action  for  each  substance  is  known,  comparable  amounts  cannot 
be  added. 

SUMMARY  OF  CATALYZER  EXPERIMENTS. 

Table  XI  summarizes  the  action  of  the  various  catalysts  tried 
on  the  irons,  the  copper  and  the  aluminium.  Numerous  instances 
of  similar  action  are  apparent.     In  nitric  acid,  platinum,  silver, 
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copper  and  formaldehyde  catalyze  the  rate  of  solution  of  the  purer 
rolled  metals  negatively,  while  nickel  shows  no  action.  Platinum 
catalyzes  these  metals  in  sulphuric  and  hydrochloric  acid,  and  the 
pure  open-hearth  more  strongly  than  the  copper-bearing.  Where 
zero  action  is  reported,  the  conclusion  is  not  necessarily  warranted 
that  there  was  no  action.    It  is  entirely  possible  that  by  the  use  of 

Table  XL 
Summary  of  Catalytic  Action  of  Metals  and  Formaldehyde. 


Copper 

Bearing 

Iron 

Pure  Open 

Hearth 

Iron 

Grey  Cast 
Iron 

Semi 
Steel 

Copper 

Aluminium 

o 

n 

4 
O 

n 

41 
O 

n 

O 

n 

O 

n 

o 

n 

(/; 

u 

Z 

t/J 

o 

:z; 

w 

o 

Z 

w 

o 

Z 

w 

o 

Z 

t/; 

o 

Z 

K 

a 

K 

w 

w 

w 

K 

X 

W 

W 

w 

w 

W 

K 

W 

K 

W 

X 

1 

Platinum  .... 

+ 

+ 

- 

++ 

++ 

- 

0 

0 

0 

0 

0 

0 

_? 

-? 

-? 

0 

+  +  + 

0 

Silver 

0 

0 

- 

0 

0 

- 

0 

0 

+ 

0 

0 

+ 

0 

0 

0 

0 

0 

0 

Copper 

0 

0 

- 

0 

0 

- 

0 

0 

+ 

0 

0 

+ 

0 

0 

0 

0 

0 

0 

Nickel 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+  4- 

0 

Formaldehyde 

0 

0 

- 

0 

0 

- 

-- 

-- 

++ 

-- 

-- 

+•+ 

No  data 

No  data 

0  Without  pronounced  influence. 
-  Catalyzing  negatively. 
—  Catalyzing  more  strongly  negatively. 
+  Catalyzing  positively. 
-j-  -f-  Catalyzing  more  strongly  positively. 
-|-  -f-  -|-  Catalyzing  still  more  strongly  positively. 
?  Action  doubtful. 


larger  quantities  some  catalytic  action  would  be  recorded.  For 
example,  platinum  catalyzes  the  rolled  metals  in  the  non-oxidizing 
acids  positively  ;  at  greater  concentrations  silver  and  copper  might 
also  show  this  effect. 

Platinum  produced  no  effect  on  the  grey  cast  iron  or  semi-steel, 
but  this  may  have  been,  and  probably  was,  due  to  the  action  of 
catalyzer  poisons  evolved  by  the  acids  from  the  metals.  On  the 
other  hand,  their  rates  were  catalyzed  positively  in  nitric  acid  by 
silver,  copper  and  formaldehyde.    In  the  non-oxidizing  acids  none 
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of  the  catalysts  showed  activity,  with  the  exception  of  formalde- 
hyde, which  catalyzed  the  cast  metals  negatively. 

The  rate  for  copper  was  affected  very  little  by  the  different  cata- 
lysts experimented  with,  but  there  seemed  to  be  a  slight  negative 
tendency  in  the  case  of  platinum  in  all  three  acids.  Aluminium 
was  only  affected  by  two  of  the  catalysts,  platinum  and  nickel,  and 
only  in  hydrochloric  acid.  No  change  in  rate  was  observed  either 
in  sulphuric  or  nitric  acids.  This  is  probably  related  in  some  way 
to  the  oxygen  influence  to  which  aluminium  has  already  been 
shown  to  be  extremely  sensitive.  Platinum  and  nickel  as  cata- 
lyzers frequently  behave  in  a  similar  manner,  for  example,  in 
hydrogenation.  From  periodic  considerations,  palladium,  too, 
should  show  a  behavior  similar  to  that  of  platinum  and  nickel.  It 
is  difl[icult  to  harmonize  the  selective  action  of  platinum  and  nickel 
on  aluminium  in  hydrochloric  acid  with  the  theory  of  catalytic 
action  which  postulates  merely  a  lower  hydrogen  overvoltage  on 
the  catalytic  metal.  Apparently  there  is  a  reciprocal  relationship 
between  the  dissolving  metal  and  the  acid  concerned,  or  a  relation- 
ship between  all  three  factors,  the  dissolving  metal,  the  acid  and 
the  catalyst.  Neither  platinum  nor  nickel  catalyze  the  solution  of 
aluminium  in  sulphuric  or  nitric  acids.  Even  after  nitric  acid  is 
disposed  of  on  the  assumption  of  its  considerable  oxygen  influence, 
or  the  possibility  of  passivity  phenomena,  it  is  difficult  to  dispose 
of  sulphuric  acid  in  the  same  way.  As  ordinarily  considered,  sul- 
phuric acid  is  not  an  oxidizing  agent  in  dilute  solution.  Appar- 
ently in  this  case  we  must  look  to  action  at  the  anodes  for  the 
explanation.  The  effect  of  the  anion  chlorine  CI"  on  the  surface 
of  the  aluminium  must  be  decidedly  different  from  that  of  the 
anion  SO4"  '  and  this  different  relationship  is  closely  connected 
with  the  different  behavior  of  these  anions  in  passivity  experi- 
ments as  described  by  Byers  and  others,  and  in  the  polarity  experi- 
ments described  in  an  earlier  section  of  this  paper.  At  the  corro- 
sion cathodes,  substances  and  conditions  are  identical.  The  cath- 
odes, according  to  theory,  would  be  platinum,  and  the  cations 
hydrogen. 

It  is  realized  that  the  results  reported  in  this  paper  are  incom- 
plete and  of  a  fragmentary  nature.  Much  remains  to  be  done  in 
extending  the  list  of  metals  whose  rates  are  being  determined,  as 
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well  as  those  used  as  catalysts.  The  list  of  organic  catalysts  and 
their  effects  also  require  extension.  I  desire  to  acknowledge  the 
assistance  of  Messrs.  O.  T.  Bloom  and  J.  DeRose  in  the  work 
reported. 

CONCLUSIONS. 

1.  Inconsistent  behavior  of  the  metals  in  corrosion  and  acid 
solution  phenomena  on  the  basis  of  the  electrochemical  series  can 
only  be  explained  by  taking  into  consideration  a  number  of 
factors. 

2.  The  principal  factors  are  solution  tension,  the  hydrogen  in- 
fluence, the  oxygen  influence,  the  carbon  dioxide  influence,  the 
cathode,  influence  and  the  halogen  influence. 

3.  Corrosion  and  solution  of  metals  in  acids  may  be  considered 
as  actions  tending  to  go  forward  at  rates  proportional  to  solution 
tension  and  hydrogen  ion  concentration,  but  subject  to  the  acceler- 
ating and  retarding  influence  of  many  substances  acting  as 
catalyzers. 

4.  Indications  of  the  sensitiveness  of  various  metals  to  the 
hydrogen  and  oxygen  influences  can  be  obtained  by  their  behavior 
when  treated  as  couples  in  dilute  acids  and  neutral  salts  and  con- 
nected through  a  sensitive  voltmeter  or  galvanometer. 

5.  Studying  the  behavior  of  metallic  catalyzers  on  the  rates  of 
solution  of  copper-bearing  iron,  pure  open-hearth  iron,  grey  cast 
iron  and  semi-steel  in  normal  sulphuric,  hydrochloric  and  nitric 
acids  at  16°  C,  with  several  metallic  catalyzers,  it  was  found  that 
the  rolled  metals  in  general  showed  a  different  and  opposite  be- 
havior to  that  of  the  cast  metals. 

6.  Again,  the  behavior  of  any  of  these  metals  in  the  non- 
oxidizing  acids,  sulphuric  and  hydrochloric,  is  as  a  rule  different 
from  the  behavior  in  nitric  acid. 

7.  A  similar  rule  holds  for  these  metals  in  corrosion  and  also 
for  solution  in  the  above  acids  without  catalyzers. 

8.  Although  the  mode  of  action  of  a  soluble  organic  catalyst, 
such  as  formaldehyde,  is  probably  different  from  that  of  the  me- 
tallic catalysts,  nevertheless,  the  opposite  tendency  in  the  case  of 
different  metals  in  oxidizing  and  non-oxidizing  acids  is  revealed  in 
this  case  also. 
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9.  The  rates  of  solution  of  copper-bearing  and  pure  open- 
hearth  iron  in  nitric  acid  are  catalyzed  negatively  by  silver,  copper 
and  formaldehyde,  but  the  rates  of  grey  cast  iron  and  semi-steel 
are  catalyzed  positively  by  the  same  three  catalysts. 

10.  No  pronounced  change  of  rate  is  shown  by  silver,  copper 
or  formaldehyde  acting  as  catalysts  on  copper-bearing  or  pure 
open-hearth  iron  in  sulphuric  or  hydrochloric  acid. 

11.  The  same  is  true  for  silver  and  copper  when  acting  on 
grey  cast  iron  and  semi-steel,  but  in  contrast  with  this  behavior, 
formaldehyde  catalyzes  these  metals  strongly  in  a  negative  direc- 
tion in  the  non-oxidizing  acids. 

12.  Platinum  catalyzes  the  rates  of  copper-bearing  and  pure 
open-hearth  iron  positively  in  normal  sulphuric  and  hydrochloric 
acids,  and  the  action  is  more  pronounced  in  the  case  of  pure  open- 
hearth  iron  than  in  the  case  of  copper-bearing  iron. 

13.  On  the  contrary,  the  rates  of  these  metals  in  normal  nitric 
acid  are  catalyzed  negatively  by  platinum. 

14.  The  rate  for  copper  is  not  certainly  catalyzed  by  any  of  the 
catalysts  used. 

15.  Nickel  as  a  catalyst  produces  no  effect  on  any  of  the  metals 
in  any  of  the  acids  except  aluminium  in  hydrochloric  acid. 

16.  Aluminium  is  not  affected  by  any  of  the  catalysts  in  nitric 
or  sulphuric  acid. 

17.  In  normal  hydrochloric  acid  the  rate  for  aluminium  is  cata- 
lyzed strongly  by  nickel  and  still  more  strongly  by  platinum. 

18.  A  similar  action  might  be  expected  in  sulphuric  acid  and 
the  lack  of  action  in  this  case  is  probably  due  to  the  oxygen  in- 
fluence of  sulphuric  acid  on  aluminium. 

19.  Under  conditions  of  corrosion  the  cast  metals  are  rela- 
tively less  attacked  in  the  presence  of  much  oxygen  than  the 
purer  rolled  metals."  They  are  also  relatively  less  attacked  by  an 
oxidizing  acid,  such  as  nitric,  than  by  the  non-oxidizing  acids,  sul- 
phuric and  hydrochloric.  The  catalysts,  silver,  copper  and  formal- 
dehyde, all  reverse  this  action  and  cause  the  rates  of  the  cast 
metals  in  nitric  acid  to  be  increased  and  the  rates  of  the  copper- 

'»  Experiments  on  the  Corrosion  of  Iron  and   Steel,  Proc.  Inst.   Chem.  Eng.    (1920). 
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bearing  and  pure  open-hearth  irons  to  be  reduced.  Platinum, 
while  catalyzing  the  rolled  metals  negatively  in  nitric  acid,  cata- 
lyzes them  positively  in  sulphuric  and  hydrochloric  acid,  and  is 
without  action  on  the  cast  metals  in  any  acid.  The  failure  of 
platinum  to  catalyze  the  cast  metals  is  probably  due  to  the  evolu- 
tion of  poisons  from  the  impure  metals  by  the  action  of  the  acids. 


A  paper  presented  at  the  Thirty-eighth  Gen- 
eral Meeting  of  the  American  Electro- 
trochemical  Society,  in  Cleveland,  Sep- 
tember 30,  1920,  President  Landis  in  the 
Chair. 


PHYSICAL  CHARACTERISTICS  OF  SPECIALIZED  REFRACTORIES.' 

By  M    L.  Hartmann^,  A.   P.  Sullivan^  and  D.    K.   Ai.len.' 

Abstract. 

Tests  of  the  electrical  resistivities  of  nine  commercially  used 
refractory  materials,  at  temperatures  up  to  1500°  C.  Measure- 
ments were  taken  while  heating  up  slowly  and  while  cooling  down 
slowly,  the  thermocouple  measuring  temperature  being  outside 
the  specimens.  The  amount  of  temperature  lag  thus  involved 
was  approximately  determined.  The  results  are  necessarily  only 
approximate,  but  show  the  relative  resistivities  of  the  different 
materials  and  the  general  order  of  magnitude  of  their  resistivities 
up  to  1500°  C— [J.  W.  R.] 


PART    III  :     ELECTRICAL   RESISTIVITY    AT    HIGH    TEMPERATURES. 

In  the  design  of  electric  furnaces  it  is  important  to  know  the 
electrical  resistivity  of  the  refractories  used  in  those  portions  of 
the  furnace  which  contain,  or  come  in  contact  with,  the  electrodes 
or  resistor  material.  Practically  no  data  have  been  published  on 
the  resistivities  of  commercial  bricks  except  those  by  Stansfield, 
McLeod  and  McMahon.*  These  investigators  determined  the 
resistivities  of  silica,  chrome,  magnesia  and  fireclay  from  600°  C. 
to  1565°  C.  Hering^  has  compiled  from  the  literature  the  resis- 
tivities of  many  substances,  but  these  do  not  include  commercial 
refractories. 

■  The  present  investigation  is  concerned  with  the  determination 
of  electrical  resistivities  of  nine  commercial  refractory  bricks  up 

>  This  paper  is  the  third  paper  of  a  series  on  the  physical  properties  of  specialized 
refractories.  Previous  installments  have  been  published  in  these  Transactions,  Volume 
37,  707  and  717.     Manuscript  received  July  22,   1920. 

•  Director  of  the  Research  Laboratory,  The  Carborundum  Co.,  Niagara  Falls,  N.  Y. 

5  Research   Chemists,   The   Carborundum   Co.,  Niagara  Falls,   N.   Y. 

♦Trans.   Amer.    Electrochem.    See.    (1912),   22,    89. 

'Met.   and   Chem.   Eng.    (1915),   13,   23. 
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to  temperatures  of  1500°  C.  The  method,  in  general,  is  similar 
to  that  used  by  Stansfield,  McLeod  and  McMahon.  A  large  two- 
core  resistance  furnace  was  used  for  heating  the  specimens, 
which  were  enclosed  in  a  "carbofrax"  cylinder  about  six  inches 
(15  cm.)  in  diameter. 
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Diagram   1. 


The  graphite  resistor  material  was  placed  around  this  cylinder 
in  such  a  way  as  to  obtain  uniform  heating.  A  two-inch  (5, cm.) 
graphite  rod  having  a  water  cooler  at  the  bottom  extended  up 
into  the  cylinder,  and  to  the  top  of  this  rod  a  3j^-inch  (9  cm.) 
cubical  graphite  block  was  attached  (by  threaded  joint).  The 
specimen  was  placed  on  this  block,  and  another  graphite  block 
attached  to  a  two-inch  graphite  rod  (as  above  described)  ex- 
tended down  on  top  of  the  specimen.  This  latter  contact  piece 
was  carefully  insulated  from  the  furnace. 
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The  specimens  were  cut  from  commercial  bricks  and  ground 
to  2^-inch  (6.4  cm.)  cubes.  A  layer  of  fine  graphite  was  placed 
between  the  graphite  contact  pieces  and  the  specimen.  It  was 
found  that  a  variation  in  pressure  on  the  top  contact  piece  of 
from  five  to  one  hundred  pounds  did  not  affect  the  contact  re- 
sistance. In  all  of  the  measurements  a  total  of  27  pounds 
(12.3  kg.)  pressure  was  used. 

The  heating  was  controlled  at  the  rate  of  about  10°  C.  per 
minute  up  to  1000°  C.  and  from  three  to  five  degrees  per  minute 
from  1000°  to  1500°  C.  The  same  rate  was  maintained  during 
cooling. 

The  temperature  was  measured  by  means  of  a  platinum-plati- 
num rhodium  thermocouple,  in  a  porcelain  protection  tube.  The 
couple  was  so  placed  in  the  furnace  that  the  junction  was  oppo- 
site the  center  of  and  as  close  to  the  specimen  as  the  protection 
tube  would  allow.  The  thermocouple  was  calibrated  at  the  freez- 
ing points  of  zinc  and  copper,  and  the  equation'' 


T^ 


mi 


was  assumed  to  hold  over  the  range  of  temperature  used. 

In  placing  the  thermocouple  outside  the  specimen,  a  higher 
temperature  is  measured  than  the  average  temperature  of  the 
brick.  If  the  thermocouple  were  placed  inside  the  specimen,  a 
lower  temperature  would  be  measured.  In  order  to  find  the  mag- 
nitude of  this  thermal  lag,  after  the  resistance  of  all  the  bricks 
had  been  determined,  a  hole  was  drilled  through  the  top  graphite 
contact  piece  and  half  way  through  the  specimen  of  fireclay.  A 
calibrated  thermocouple  in  a  porcelain  protection  tube  was  thus 
placed  inside  the  brick  and,  by  taking  simultaneous  readings  inside 
and  outside,  the  time-temperature  lag  was  determined.  A  fire- 
clay brick  was  used  because  it  probably  has  the  lowest  thermal 
conductivity  of  any  of  the  bricks  measured,  and  would,  therefore, 
show  the  maximum  lag. 

The  average  lag  up  to  500°  C.  (heating  rate  10°  per  minute) 
was  100°  C;  from  500°  C.  to  1000°  C.  (heating  rate  10°  per 
minute)  was  65°  ;  from  1000°  C.  to  1500°  C.  (heating  rate  5° 
per  minute)  was  30°.    This  lag  is  high  at  low  temperatures,  but 

•  Burgess-LeChatelier,   "Measurement   of    High    Temperatures,"    3d   Edition,    p.    112. 
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the  actual  specific  resistances  at  low  temperatures  are  very  great 
in  most  specimens,  hence  this  uncertainty  in  temperature  is  rela- 
tively unimportant.  Furthermore,  it  should  be  noted  that  the 
average  temperature  of  the  whole  specimen  is  nearer  the  outside 
temperature  than  the  inside.  The  lag  at  the  high  temperatures 
is  not  objectionably  large  when  taking  into  consideration  that  the 
thermal  conductivities  of  the  materials  measured  are  higher  than 
fireclay,  and  the  lag  correspondingly  less. 

The  resistances  were  measured,  at  intervals  of  about  100°  C, 
by  means  of  an  "Evershed  Bridge  Megger"  set.  In  some  cases  a 
polarizing  efifect  was  noticed  and  it  was  impossible  to  make  accu- 
rate  measurements    with  the    "Megger."      This   efifect   occurred 
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principally  with  "Carbofrax,"  but  was  noticed  to  a  lesser  degree 
in  other  materials.  In  the  case  of  "Carbofrax,"  the  method  of 
instantaneous  readings  of  impressed  voltage  and  current  was  em- 
ployed and  the  resistance  calculated.  A  direct  current  of  160- 
175  volts  was  used  and  the  maximum  deflections  of  the  milli- 
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ammeter  upon  quick  reversals  of  current  were  taken  as  those 
representing  the  true  resistances. 

Silica  Brick. 

1.  Sihca  bricks  (apparent  density  1.66)  of  Hme-bond  standard 
make,  gave  quite  regular  resistivity  curves  as  shown  in  Fig.  1. 
The  difference  in  the  position  of  the  increasing  and  decreasing 
temperature  curves  probably  represents  the  lag  of  the  thermo- 
couple temperatures  behind  the  average  temperatures  of  the 
specimen. 
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2.  Bonded  carborundum  bricks  (carbofrax  C)  containing 
about  95  percent  carborundum  have  a  resistivity  comparable  to 
silica  bricks,  as  shown  by  Fig.  2.  The  constancy  of  resistivity 
with  time,  when  held  at  1500°  C,  is  also  shown  in  the  upper  por- 
tion of  the  diagram. 

3.  The  temperature  resistivity  curves  for  magnesia  brick  are 
shown  in  Fig.  3.  These  bricks  were  of  a  dense  fine-grained  type 
of  standard  make.  Both  specimens  showed  a  peculiar  flattening 
between  1000°  and  1150°  C.  Frequent  readings  of  temperature 
and  resistance  were  taken  in  the  case  of  the  second  brick  in  order 
to  determine  as  accurately  as  possible  the  exact  shape  of  the 
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curve.  The  constancy  of  resistivity  between  1000°  and  1150°  C. 
indicates  either  a  physical  change  in  the  structure  of  the  mag- 
nesia at  this  temperature,  as  for  example  crystal  transformation, 
or  it  may  indicate  some  chemical  reaction  between  ingredients  of 
the  brick.  The  cooling  curves  did  not  show  this  effect  in  either 
case. 

4.  Zirconia  bricks  made  of  commercial  natural  zirconia  and 
containing  approximately  80  percent  zirconium  oxide,  changed 
very   rapidly  in  resistance  up   to   1200°   C.  and   then   decreased 
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slowly  to  1500°  C.  as  shown  by  Fig.  4.  The  irregular  shape  of 
the  decreasing  temperature  curve  indicates  that  a  permanent 
change  had  taken  place  in  the  brick,  probably  in  the  nature  of 
vitrification. 

5.  Bauxite  brick  of  a  well-known  make,  coarse  in  texture 
(apparent  density  1.91),  decreased  regularly  to  a  low  value  at 
1500°  C.    Fig.  5.    The  displacement  of  the  curve  for  decreasing 
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temperatures  indicates  the  lag  of   the  thermocouple  behind  the 
average  temperature  of  the  specimen. 

6.  Grade  A  fireclay  bricks  (apparent  density  1.78)  very  coarse 
in  texture,  and  highly  refractory,  gave  resistivities  as  shown  by 
Fig.  6. 
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7.  Bonded  carborundum  bricks  (Carbrofrax  B),  containing 
about  90  percent  silicon  carbide,  have  lower  resistance  than  fire- 
clay at  low  temperatures,  and  approximately  equal  resistivities 
above  1000°  C.  As  shown  in  Fig.  7,  there  is  a  rapid  decrease  in 
resistivity  with  increasing  time,  at  1500°  C. 

8.  Chrome  bricks  (apparent  density  2.09),  coarse  grained, 
possess  low  resistivities  at  all  temperatures  as  shown  by  Fig.  8. 
The  specimens  all  showed  a  peculiar  behavior  between  1100°  C. 
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and  1500°  C.  From  1100°  to  1200°  the  resistivity  remained  prac- 
tically constant;  from  1200°  to  about  1350°  it  increased;  and 
from  1350°  to  1500°  it  again  decreased.  A  further  peculiarity  of 
this  material  is  shown  by  the  cooling  curves  which  are  widely 
different  from  the  heating  curves. 

9.  Recrystallized  carborundum  brick  ("Refrax")  containing 
no  bonding  material,  has  low  resistivity  at  all  temperatures.  Fig. 
9.  The  change  in  resistance  with  temperature  is  quite  regular 
throughout  the  range  investigated. 

The  resistivities  per  centimeter  cube  at  intervals  of  100°  from 
800°  to  1500°  C.  have  been  deduced  from  the  ascending  tempera- 
ture curves  and  the  results  for  nine  varieties  of  refractories  are 
tabulated  on  page  292. 
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These  results  are  plotted  on  a  single  scale  in  Fig.  10,  in  order 
to  show  their  relative  values. 

On  account  of  the  variation  in  the  product  of  one  refractory 
manufacturer  to  another,  or  even  between  two  specimens  from  the 
same  manufacturer,  these  results  cannot  be  considered  as  average 
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DISCUSSION.  293 

values.  They  do,  however,  serve  to  indicate  the  relative  order  of 
magnitude  of  the  electrical  resistivities  of  the  different  varieties 
of  specialized  refractories  up  to  a  temperature  of  1500°  C. 

Research  Laboratory, 
The  Carborundum  Co., 
Niagara  Falls,  N.  Y., 
July  21, 1920. 


DISCUSSION. 


CarIv  Hering^:  Such  data  as  these  are  very  useful  and  val- 
uable to  furnace  men,  if  reliable.  It  seems  to  me  that  instead  of 
taking  the  average  of  the  tw^o  curves,  the  final  and  useful  figures 
would  better  have  been  used  on  the  dotted  curves.  The  dotted 
curves  seem  to  me  to  be  more  important  than  the  others,  because 
there  evidently  were  changes  in  the  material  during  the  first 
heating.  Therefore  the  full  line  curve  would  apply  only  to  a 
furnace  the  first  time  it  started,  while  the  dotted  line  would 
apply  to  furnaces  during  the  running  periods.  In  all  such  meas- 
urements, the  surface  contact  resistance  may  be  of  considerable 
importance  and  possibly  may  be  very  high.  On  the  other  hand, 
contact  resistance  also  occurs  in  practice  as  a  useful  thermal 
resistance.  Two  bricks  laid  on  top  of  each  other  on  their  flat 
sides  will  no  doubt  have  a  higher  total  resistance  than  if  they 
are  laid  on  edge  without  a  contact  resistance  between  them. 
Then,  in  all  such  materials  there  is  a  grave  question  whether  there 
is  not  some  electrolysis,  because  such  compounds  are  conductors 
of  the  second  degree ;  a  counter  E.  M.  F.  would  then,  in  these 
measurements,  appear  in  terms  of  ohms,  and  it  is  sometimes 
rather  dangerous  to  thus  represent  a  counter  E.  M.  F.  The 
author  refers  to  zirconia ;  I  have  been  trying  to  find  out  what 
is  really  meant  by  zirconia;  I  find  that  that  term  is  used  by 
different  persons  in  different  ways ;  it  may  mean  the  oxide,  the 
sulphate,  or  the  silicate  of  zirconium,  or  a  mixture  of  some  of 
them. 

Colin  G.  Fink^:    I  should  like  to  ask  Mr.  Hartmann  whether 

'  Consulting  Electrical   Engineer,   Philadelphia,   Pa. 
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he  has  made  any  chemical  analysis  of  the  bricks  he  studied. 
Take  a  case  Hke  magnesia  brick;  that  from  one  manufacturer 
will  give  you  entirely  different  results  as  compared  with  that 
from  another.  The  electrical  conductivity  is  very  largely  depend- 
ent upon  impurities.  It  certainly  would  add  much  to  the  value  of 
the  present  paper  if  the  authors  would  include  analyses.  What 
applies  to  magnesia  brick  applies  similarly  to  zirconia  brick; 
Mr.  H.  Edwin  Coley,  of  London,  E.  C,  claims  that  his  is 
superior  to  the  American.  It  would  be  interesting  to  ascertain 
how  much  silica  was  in  the  bricks  Mr.  Hartmann  tested.  This 
is  a  very  interesting  paper;  it  is  an  opening  wedge  into  a  very 
important  subject ;  I  hope  that  other  papers  will  follow. 

F.  A.  J.  FitzGerald^  :  Has  Mr.  Hartmann  made  any  determi- 
nations of  the  time  effect  except  on  carbofrax  materials?  Time 
resistivity  curves  would  be  interesting.  Have  any  experiments 
been  made  in  heating  up  the  second  time  a  magnesia  brick, 
which  showed  irregularity  in  heating  up  the  first  time,  and  seeing 
if  the  same  things  occur?  That  might  show  whether  there  is  any 
chemical  change.  Also,  does  Mr.  Hartmann  know  at  what  tem- 
perature any  of  the  bricks  he  worked  with  were  baked?  That 
would  cause  a  considerable  variation  in  the  results  he  gets. 

E.  R.  Morton*  :  In  connection  with  the  irregularities  in  the 
measurement  of  carbofrax  brick,  there  are  two  phenomena  with 
carborundum  that  are  not  generally  known ;  one  is  that  it  exhibits 
a  striking  lateral  conductivity.  I  have  had  cases  that  showed 
a  thousand  times  more  in  one  direction  than  in  the  other.  Then 
the  heating  due  to  the  current  which  would  give  somewhat  lower 
resistance.  I  notice  that  the  measurements  are  made  at  150 
volts,  which  is  more  than  enough  to  heat  the  carborundum  electri- 
cally to  redness,  from  the  cold,  at  the  point  of  contact, 

W.  S.  Landis^  :  This  is  an  extremely  valuable  paper  which 
opens  up  a  field  of  research  and  endeavor  that  is  untouched, 
I  think,  by  anybody  outside  of  this  Society  or  its  members,  and  I 
would  like  to  see  a  very  full  and  free  discussion.  I  think  it  is 
going  to  start  a  program  of  work  on  this  subject  in  a  number 
of  places.     The  question  of  silica  brick  is  rather  an  interesting 
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one,  because  they  have  been  so  widely  used  in  the  construction 
of  certain  parts  of  electric  furnaces.  The  silica  bricks,  as  you 
buy  them,  and  after  they  have  been  heated  up  for  some  little 
time,  are  two  decidedly  different  things.  The  Geophysical  Lab- 
oratory at  Washington  has  done  considerable  work  on  the  trans- 
formation of  silica  to  tridymite.  I  would  like  to  see  experiments 
made  on  such  brick  after  it  had  been  heated  up  a  week  or  two 
in  the  electric  furnace.  The  deflection  in  that  conductivity 
curve  of  the  magnesia  refractory  is  largely  due  to  large  quantities 
of  iron  oxide  in  magnesia  bricks.  If  that  had  been  repeated 
on  a  magnesia  brick,  according  to  my  own  experience  it  would 
not  have  occurred  during  the  second  heating. 

L.  E.  Saunders®  :  I  agree  with  the  others,  that  this  is  a  very 
important  contribution  to  our  practical  knowledge  of  refractories, 
and  the  thing  that  strikes  me  first  in  connection  with  it  is  that  it 
is  too  bad  that  more  than  one  specimen  of  a  kind  was  not  taken. 
It  is  so  important  that  we  have  this  knowledge,  that  I  hope  the 
authors  will  repeat  their  work,  getting  their  specimens  from  dif- 
ferent sources,  and  at  the  same  time  giving  us  a  little  more 
information  on  what  the  specimens  consist  of.  In  connection 
with  the  magnesia  brick,  it  is  very  important  to  know  the  origin 
and  nature  of  the  impurities.  The  old  Austrian  magnesite  bricks 
were  made  of  magnesia  found  in  nature  containing  iron  oxide. 
The  more  modern  magnesia  bricks  are  made  from  relatively  pure 
magnesium  oxide  to  which  varying  quantities  of  iron  oxide  have 
been  added,  and  I  think  all  will  agree  that  the  resistivities  would 
be  different  in  the  two  cases,  and  there  would  be  very  possibly 
a  reason  for  these  humps  in  this  magnesia  curve. 

A.  M.  HuNT^:  I  have  read  this  paper  with  a  great  deal  of 
interest,  and  its  discussion  has  brought  up  in  my  mind  a  thought 
that  has  occurred  to  me  many  times  before,  viz.,  that  if  the 
Society  would  appoint  a  committee  or  committees  to  outline 
the  type  of  data  that  would  be  desirable  in  connection  with  much 
of  the  experimental  work  which  is  done,  the  results  would  be 
of  much  more  value  to  the  profession  at  large. 

J.  W,  Richards^  :     This  paper  illustrates  very  well  the  distinc- 
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tion  between  pure  scientific  investigation  and  practical  engineer- 
ing investigation.  If  we  want  to  find  out  the  actual  properties 
of  pure  materials  and  deduce  from  them  the  laws  of  Nature, 
we  must  work  with  the  purest  materials  obtainable.  The  results 
are  the  basis  of  an  investigation  of  natural  laws.  If  we  work 
with  the  materials  which  are  available  in  engineering,  they  are 
usually  so  impure  that  we  cannot  deduce  from  them  general 
laws,  but  get  results  which  are  true  only  for  the  material  tested; 
i.  e.,  one  of  the  materials  which  the  engineer  has  to  work  with. 
In  this  paper,  it  is  to  be  regretted  that  no  analyses  of  the 
materials  are  given. 

The  paper  is  otherwise  a  valuable  contribution,  but  it  is  our 
duty  here  to  point  out  ways  in  which  it  can  be  made  still  more 
valuable. 

The  method  used  by  the  authors  in  reaching  their  results  is 
all  right  as  far  as  their  experiments  are  concerned,  but  it  is 
highly  desirable  that  the  conductivity  and  resistivity  of  these 
materials  be  determined  after  they  have  reached 
a  constant  value  at  the  temperature  named.  The 
table  on  page  292  gives  the  resistivities  of  the  materials  when 
they  have  been  heated  at  a  certain  rate  to  a  certain  temperature ; 
but  some  of  these  materials  afterwards  decrease  in  resistivity 
25  percent  to  75  percent,  if  they  are  held  at  that  temperature. 
For  practical  purposes,  what  we  want  to  know  is  the  final  resis- 
tivity which  they  acquire  at  a  given  temperature  indefinitely  pro- 
longed. As  they  stand,  the  results  are  interesting  but  not  appli- 
cable to  actual  electric  furnace  problems.  The  proper  way  to 
extend  this  research  and  make  it  applicable  to  the  actual  electric 
furnace  problem,  is  to  take  samples  and  keep  them  a  day  or  a 
week  at  each  given  temperature  until  their  resistivity  has  stopped 
changing,  and  then  catalogue  the  result  as  their  real  resistivity 
at  that  temperature.  Let  me  suggest  to  the  authors  that  they 
may  find  around  some  works  bricks  which  have  been  heated  to  a 
certain  temperature  for  a  long  while,  such  as  an  open  hearth 
furnace  where  the  bricks  have  been  kept  at  an  average  tempera- 
ture of  900  or  1000°  C.  perhaps  for  a  week,  and  by  getting 
samples  of  these  they  may  get  their  final  results  at  once.  They 
could  find  electric  furnaces  that  had  been  running  for  months. 
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One  can  thus  get  results  which  would  be  applicable  to  the  furnace 
in  its  running  condition. 

I  have  been  trying  to  surmise  why  the  electrical  resistivity  of 
these  materials  decreases  so  tremendously.  That  is  something 
on  which  we  may  profitably  speculate.  I  cannot  help  but  think 
that  one  cause  may  be  that  the  pores  of  the  material  become 
filled  with  metallic  vapors.  Take  carborundum,  for  instance ;  we 
know  that  it  dissociates  into  graphite  and  silicon  at  perhaps 
2,300°  C.  under  atmospheric  pressure,  and  undoubtedly  it  has 
some  dissociation  tension  at  1,500°  C. ;  this  will  fill  the  pores 
of  the  material  with  silicon  vapor.  We  may  then  have  the  con- 
ductivity of  silicon  vapor  to  help  carry  current.  We  know 
that  the  mercury  arc  is  a  current  through  mercury  vapor  and 
that  the  zinc  arc  conducts  very  well.  It  may  be  that  there  are 
some  metallic  vapors  filling  the  pores  of  these  materials  and 
reducing  the  resistivity  at  high  temperatures. 

Cari,  Hering  :  I  think  Dr.  Richards'  last  surmise  is  probably 
not  correct,  because  the  same  thing  is  true  of  glass,  and  there 
are  no  pores  in  glass ;  we  know  that  the  resistivity  of  glass  falls 
enormously  with  an  increase  of  temperature. 

C.  P.  Madsen"  :  Several  years  ago  I  made  a  large  number  of 
approximate  measurements  on  refractory  materials  from  which 
several  hundred  curves  were  plotted.  The  work  was  intended 
to  determine  the  value  of  refractory  dielectrics  for  domestic 
heating  apparatus,  and  therefore  resistivity  only  up  to  1,000°  C. 
was  measured.  The  results  obtained,  however,  may  answer  some 
of  the  questions  asked.  The  resistivity  was  measured  on  both 
rising  and  falling  temperature.     The  general  conclusions  are : 

(1)  The  resistivity  of  silicates  decreases  many  times  faster 
than  that  of  oxides  of  the  same  metal. 

(2)  The  presence  of  small  amounts  of  impurities  increases  the 
resistivity  decrease  very  much  on  temperature  rise. 

W.  G.  Harvey^*'  :  I  could  not  help  but  agree  with  Dr.  Hering 
on  the  importance  of  the  descending  or  dotted  curve.  I  would 
like  to  ask  Mr.  Hartmann  if,  in  doing  the  work,  he  had  occasion 
to  repeat  the  work  on  each  sample  twice,  and  whether  the  curve 
checked  or  did  not  check  ? 
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M.  L.  Hartmann  :  In  some  cases  the  measurements  on  car- 
borundum bricks  were  repeated  on  the  sample  twice  and  the  curve 
practically  checked,  and  finally  it  was  held  at  one  temperature. 

Carl  Hering:    Which  one  of  the  two  curves? 

M.  L.  Hartmann  :     The  dotted  curve. 

Carl  Hering  :     Did  you  repeat  it  on  the  magnesia  brick  ? 

M.  L.  Hartmann  :  The  measurements  on  the  magnesia  bricks 
were  not  repeated. 

C.  P.  Madsen  :  Some  further  conclusions  from  the  work  I 
have  already  mentioned  may  throw  further  light  on  the  questions 
asked.  My  work  was  done  on  smaller  samples  and  the  apparatus 
was  such  that  the  thermal  lag  was  exceedingly  small.  I  was 
therefore  able  to  check  the  difference  between  the  resistivities  on 
rising  temperature  and  those  on  falling  temperature.  In  general 
pure  oxides  checked.  Some  silicates  did ;  but  mixed  oxides  and 
silicates  never  checked,  neither  did  materials  containing  appre- 
ciable impurities. 

M.  L.  Hartmann:  The  paper  as  given  is  admittedly  simply 
exploratory,  and  I  think  the  search  that  has  been  outlined  by  the 
criticism  of  the  paper  could  be  well  undertaken  by  the  Bureau 
of  Standards  or  some  large  institution  of  that  kind  rather  than 
by  an  industrial  laboratory.  We  realize  that  many  things  are 
imperfect  in  the  paper.  As  to  the  criticism  in  connection  with  the 
analyses  of  the  specimens — we  will  endeavor  to  add  those  analyses 
to  the  written  discussion  of  the  paper.  The  question  of  doing 
more  samples,  that  Mr.  Saunders  brought  up,  and  getting  an 
average,  was  considered,  but  we  felt  that  inasmuch  as  this  was 
simply  a  preliminary  paper,  and,  as  I  said,  an  exploratory  paper, 
it  was  hardly  worth  while  for  our  specific  purposes  to  gather  in 
a  large  number  of  samples.  The  question  of  holding  bricks  at 
1,500°  C.  for  two  weeks  in  an  electric  furnace,  as  was  suggested 
in  the  discussion,  would  be  rather  difficult  with  the  type  of  fur- 
nace we  used,  and  the  only  way  of  getting  bricks  which  had  been 
heated  for  a  long  while  at  that  temperature  would  be  as  suggested 
by  Dr.  Richards,  to  collect  them  from  various  commercial 
furnaces. 

L.   E.    Saunders:     I  hope   Mr.   Hartmann   will   not  give  us 
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average  results  from  a  series  of  specimens,  but  the  whole  series 
of  results. 

M.  L.  Hartmann  (Communicated)  :  As  stated  before,  this 
investigation  was  purely  an  exploration  into  a  field  about  which 
there  was  little  or  no  published  information.  We  wished  to 
know  how  the  resistivities  of  carborundum  refractories  compared 
with  those  of  other  specialized  refractories,  this  being  incidental 
to  a  larger  problem  in  our  Research  Laboratory. 

The  great  need  for  data  concerning  the  electrical  resistivities 
of  commercial  refractories  is  evidenced  by  the  discussions,  which 
have  appeared  mainly  to  point  out  the  information  which  each 
member  would  like  to  have  done  for  him,  in  a  comprehensive 
investigation  of  the  subject. 

Dr.  Hering's  criticism  concerning  the  data  in  the  table  is  based 
upon  an  incorrect  premise,  inasmuch  as  the  data  are  taken  only 
from  the  ascending  temperature  curves,  and  are  not  average 
values  from  the  two  curves.  In  practical  electric  furnace  work 
we  seriously  doubt  whether  the  descending  curves  would  be  of 
any  more  value  than  the  ascending  curves,  because  in  those  bricks 
whose  resistivities  on  descending  temperatures  are  markedly  dif- 
ferent from  the  ascending  temperature  values  (namely,  zirconia, 
bauxite  and  chrome)  there  have  been  undoubtedly  very  great 
changes  in  composition  within  the  bricks.  These  transformations 
would  hardly  be  expected  to  be  completed  in  one  short  heating — 
hence  these  irregular  curves  merely  indicate  a  system  out  of 
equilibrium,  and  the  actual  values  are  not  significant.  If  it  were 
feasible  to  keep  these  specimens  at  the  maximum  temperatures 
until  equilibrium  had  been  obtained,  then  the  descending  tempera- 
ture or  dotted  curves  would  indicate  the  true  resistivity.  On 
the  other  hand,  those  materials  which  increased  in  resistance  on 
cooling  at  nearly  the  same  rate  as  they  decreased  on  heating, 
are  evidently  somewhat  stable  systems  and  large  changes  of 
resistance  with  time  would  not  be  expected,  so  long  as  the  material 
was  not  contaminated  by  slags  or  vapors. 

In  practical  work  it  would  be  extremely  difficult  to  secure 
brick  which  had  been  kept  at  high  temperatures  for  a  long 
time,  and  which  had  not  during  this  time  become  penetrated  by 
vapors  and  slags,  and  hence  the  resistivities  of  these  would  have 
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little  value  in  furnace  design.  For  the  same  reasons  we  do  not 
believe  that  the  suggestion  made  by  Dr.  Richards  is  practicable. 
To  secure  specimens  of  this  wide  variety  of  refractories,  which 
had  been  subjected  to  comparable  heat,  slag  and  vapor  treatment 
would  be  difficult ;  and  the  resistivities  would  be  useless  unless 
these  conditions  were  comparable.  If  one  wished  to  know  the 
resistivities  of  all  of  these  refractories  after  they  had  been 
subjected  to  a  given  set  of  conditions — for  example,  in  the  roof 
of  an  electric  steel  furnace — such  data  would  be  valuable  in 
designing  furnaces  for  those  conditions  but  would  be  useless  for 
other  furnace  conditions.  Such  studies  were  entirely  outside  the 
scope  of  the  present  paper. 

We  do  not  believe  that  the  phenomena  mentioned  by  Mr. 
Morton  affected  the  measurement  of  the  resistivities  of  the  car- 
borundum bricks.  The  crystals  of  silicon  carbide  are  distrib- 
uted in  every  possible  orientation  in  a  brick,  and  the  measured 
resistance  would  represent  the  composite  or  average  resistance. 
The  measuring  current  at  150  volts  was  not  allowed  to  flow  long 
enough  to  heat  the  crystals,  even  at  points  of  contact.  Further- 
more, in  the  bonded  carborundum  refractories,  the  carborundum 
particles  are  held  together  by  a  ceramic  material  which  partly 
prevents  electrical  contact. 

In  reply  to  Dr.  Fink's  inquiry,  the  chemical  analyses  of  the 
specimens  measured  are  given  below : 


Silica 

Magnesia 

Zirconia,  Natural 

Bauxite 

Fireclay 

Chromite 


Si02 
Percent 


94.8 
6.0 
21.5 
40.4 
50.4 
15.8 


Fe203 
Percent 


0.2 
0.3 
0.7 
0.9 

0.8 

(13.2; 
^FeO! 


AlzOg  t    CaO 
Percent,  Percent 

MgO 
Percent 

TiOa 

Percent 

1.8 

2.4 

0.3 

6.3 

3.1 

84.1 

... 

4.7 

0.0 

0.0 

0.5 

55.5 

0.2 

0.0 

2.7 

45.5 

0.5 

0.8 

1.9 

7.Z 

... 

18.5 

... 

Miscellaneous 
Percent 


ZrO==72.6 


Cr.O,=40.9 
Mn304=18.5 


A  paper  presented  at  the  Thirty-eighth 
General  Meeting  of  the  American  Elec- 
trochemical Society,  in  Cleveland,  Sep- 
tember 30,  1920,  President  Landis  in  the 
Chair. 


DETERIORATION  OF  NICKEL  RESISTORS. 

By  F.  A.  J.  FitzGerald^  and  Grant  C.  Moyer." 

Abstract, 

A  record  of  attempts  to  use  pure  nickel  wire  as  a  furnace 
resistor  in  place  of  nichrome  wire.  It  was  found  to  have  become 
brittle  and  to  break  easily.  This  was  investigated,  and  the  cause 
found  to  be  in  the  absorption  of  sulphur.  When  sulphur  is 
absent  from  the  materials  with  which  it  is  in  contact,  and  from 
the  atmosphere  of  the  furnace,  pure  nickel  wire  can  be  substituted 
for  nichrome  resistors  in  some  cases.     [J.  W.  R.] 


There  are  two  objections  to  the  use  of  "nichrome"  wire  as  a 
resistor  in  electric  furnaces.  First,  the  relatively  minor  one,  its 
high  cost;  second,  the  onerous  conditions  attached  to  a  license 
for  its  use.  It  seemed  possible  that  for  some  purposes  nickel  wire 
might  prove  to  be  a  suitable  substitute  in  spite  of  its  high  thermal 
coefficient  of  electric  resistance,  for  this  disadvantage  can  be  over- 
come, and  its  deterioration  by  oxidation,  since  this,  with  reason- 
able precautions,  can  be  diminished  so  as  to  give  a  fairly  extended 
hfe. 

It  was  found,  however,  in  some  heating  devices  that  nickel 
resistors  broke  down  after  very  short  service,  for  although  there 
was  no  appreciable  oxidation  the  resistor  wire  had  become  so  very 
brittle  that  the  slightest  bend  would  break  it.  The  resistor  wire, 
in  the  particular  furnace  we  had  made,  was  wound  on  a  form 
embedded  in  a  refractory  cement  and  heat  insulated  with  infu- 
sorial earth.  The  cement  and  heat  insulator  both  contain  car- 
bonaceous matter  and  it  was  thought  probable  that  a  carboniza- 
tion of  the  nickel  was  the  cause  of  the  brittleness.  Some  of  the 
nickel  wire  which  had  become  brittle  was  placed  in  a  boat  in  a 
combustion  furnace  and  heated  in  a  current  of  oxygen,  which, 
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after  leaving  the  combustion  tube,  was  passed  through  a  solution 
of  barium  hydrate.  This  gave  a  distinct  precipitate  of  barium 
carbonate,  which  seemed  to  be  confirmation  of  the  conclusion  we 
had  reached.  However,  we  were  wrong,  and  it  may  be  worth 
while  to  describe  how  we  found  this  out. 

In  order  to  investigate  further  the  effect  of  heating  nickel  in 
the  presence  of  carbon  monoxide,  some  pieces  of  soft  nickel  wire 
were  put  at  one  end  of  a  porcelain  boat  while  in  the  other  end 
were  some  pieces  of  carbon  rod  0.3  mm.  in  diameter.  The  boat 
was  then  put  in  the  tube  of  a  combustion  furnace,  the  ends  of 
the  tube  tightly  closed  and  the  tube  heated  for  24  hours  at  770° 
C. ;  the  wire  was  found  to  be  brittle. 

It  appeared,  therefore,  that  if  soft  nickel  wire  was  heated  in 
the  presence  of  carbon  monoxide  for  24  hours  at  a  temperature 
of  770°-780°  C.  it  would  become  brittle,  and  this  apparently  ex- 
plained why  the  resistor  in  our  furnace  failed,  since  the  wire  cer- 
tainly reached  therein  a  temperature  of  800°  C. 

Further  investigations  were  then  undertaken  to  determine  the 
conditions  under  which  nickel  Wire  becomes  brittle  in  presence  of 
carbon  dioxide  and  these  tests  showed  that  our  conclusions  were 
wrong. 

Nickel  wire  embedded  and  heated  in  powdered  willow  charcoal 
for  19  hours  at  600°  C. :   Wire  soft. 

Heated  for  23  hours  at  730°  C. :   Wire  soft. 

Heated  for  39  hours  at  800°-830°  C. :   Wire  soft. 

Heated  same  nickel  wire  for  48  hours  at  740°-760°  C.  with 
some  pieces  of  the  carbon  rod  used  in  previous  experiments : 
Wire  very  brittle. 

It  was  evident  from  these  experiments  that  the  cause  of  the 
deterioration  of  the  resistor  wire  was  not  due  to  heating  in  pres- 
ence of  carbon  monoxide  ;  but  to  something  else.  It  seemed  prob- 
able that  sulphur  was  the  cause  of  the  trouble  because  it  was 
known  that  the  carbon  rod  contained  a  small  percentage  of  sul- 
phur, while  the  willow  charcoal  probably  did  not. 

Two  porcelain  boats  were  put  in  the  combustion  furnace,  tightly 
closed  at  both  ends.  In  one  boat  were  pieces  of  commercial  iron 
sulphide  (FeS),  in  the  other  some  pieces  of  nickel  wire.  Heated 
at  820°  for  19^/^  hours :   Wire  very  brittle. 
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Similar  test,  but  temperature  620°  for  18  hours :  Wire  very 
brittle. 

Similar  test,  but  temperature  530°  for  46^/2  hours :  Wire  very 
brittle. 

Similar  test,  temperature  520°  for  18^  hours :  Wire  some- 
what more  brittle  than  original.  Three  samples,  bent  first  at 
right  angles  then  bent  back  through  180°,  broke  in  3,  4  and  2 
bends  respectively,  while  three  samples  of  original  wire  broke  in 
7,  6  and  6  bends  respectively. 

A  number  of  pieces  of  soft  nickel  wire  were  put  in  one  end  of 
a  porcelain  boat  with  a  piece  of  iron  sulphide  at  the  other  end. 
The  boat  was  then  heated  in  the  closed  combustion  furnace  at 
a  temperature  between  500°  and  520°  C,  with  the  following 
results : 

At  end  of  24  hours  piece  of  wire  removed  and  found  to  be 
brittle,  broke  in  2  bends.  The  fracture  showed  that  the  outer 
layer  of  the  wire  was  changed  in  appearance,  due  presumably 
to  penetration  of  the  sulphur. 

At  the  end  of  48  hours,  specimen  of  wire  broke  with  1  bend. 
Fracture  showed  further  penetration  of  sulphur  as  indicated  by 
changed  appearance  of  metal,  the  central  core  of  apparently  un- 
changed nickel  being  now  considerably  less  than  half  the  diameter 
of  the  wire. 

At  the  end  of  96  hours,  the  wire  was  so  brittle  that  the  least 
bend  broke  it  and  the  central  core  was  very  small. 

At  the  end  of  120  hours  the  core  was  just  visible. 

Some  experiments  were  made  to  determine  if  the  wire  could 
be  made  soft  again  by  heating  in  a  current  of  air.  Accordingly 
samples  of  brittle  wire  were  heated  in  the  combustion  furnace  at 
600°  C.  in  a  current  of  air  for  23  hours.  The  wire  was  still 
brittle;  but  when  heated  again  under  the  same  conditions  for  47 
hours  at  700°  C.  the  wire  became  soft,  breaking  in  5  bends. 

In  order  to  find  out  whether  or  not  there  was  any  action  of 
sulphur  on  nickel  at  low  temperatures,  pieces  of  nickel  wire  and 
small  pieces  of  sulphur  were  sealed  in  glass  tubes  that  were  drawn 
out  so  as  to  contract  the  area  of  the  bore  at  one  point,  the  sulphur 
being  thus  confined  at  one  end  of  a  closed  tube,  and  the  nickel 
wire  at  the  other.  Some  specimens  of  nickel  were  also  embedded 
in  powdered  sulphur  in  a  test  tube.    The  sealed  tube  was  put  in 
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an  oven  heated  to  90°  C.  to  100°  C.,.  the  test  tube  was  put  away 
in  a  drawer  in  the  laboratory. 

At  the  end  of  a  week  the  wire  in  one  of  the  closed  tubes  was 
examined  and  found  to  break  in  3  bends.  At  the  end  of  3  weeks 
another  specimen  was  examined,  but  did  not  appear  to  be  more 
brittle  than  the  first  one  examined. 

The  wire  packed  in  the  powdered  sulphur  when  examined  after 
10  days  broke  in  3  bends,  at  end  of  20  days  broke  in  3  bends,  at 
end  of  41  days  the  same. 

Finally  it  may  be  noted  that  when  nichrome  is  heated  at  high 
temperatures  in  the  presence  of  sulphur  it  also  tends  to  become 
brittle ;  but  the  effect  is  by  no  means  as  marked  as  in  the  case  of 
nickel  wire.     This  was  shown  by  the  following  experiment : 

Some  pieces  of  nickel  wire  breaking  on  the  average  in  6  bends 
and  some  nichrome  wire  breaking  on  the  average  in  4  bends  were 
heated  in  presence  of  iron  sulphide  at  740°  C.  for  18  hours,  after 
which  it  was  found  that  the  nickel  wire  broke  in  1  bend  and  the 
nichrome  in  2  bends. 

Finally  some  experiments  have  been  made  with  a  small  crucible 
furnace  using  nickel  wire  as  a  resistor  and  taking  care  to  have 
cement  and  heat  insulation  free  from  sulphur.  The  nickel  resistor 
stood  up  well  in  these  furnaces. 

CONCLUSIONS. 

Nickel  wire  will  not  make  a  good  resistor  in  electric  furnaces 
where  it  is  subject  to  the  action  of  sulphur. 

Nickel  wire  heated  in  the  presence  of  sulphur  becomes  brittle. 

Sulphur  makes  nickel  wire  brittle  even  at  low  temperatures, 
and  the  effect  is  very  marked  and  rapid  at  temperatures  above 
500°  C. 

The  action  of  sulphur  in  causing  brittleness  is  also  found  in  the 
case  of  nichrome  wire,  but  the  effect  is  not  as  marked  as  in  the 
case  of  nickel  wire. 

Nickel  wire  made  brittle  by  sulphur  may  be  softened  by  heating 
in  an  oxidizing  atmosphere. 

Nickel  wire  seems  to  stand  up  well  as  a  resistor  when  precau- 
tions are  taken  to  prevent  reaction  with  sulphur. 

FitzGerald  Laboratories,  Inc., 
Niagara  Falls,  N.  Y. 
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DISCUSSION 

F.  A.  J.  FitzGerald:  The  original  nickel  wire  used  was  per- 
fectly free  from  sulphur.  The  other  nickel  wires  that  showed 
brittleness  both  contained  sulphur.  I  had  some  analyses  made  of 
the  nickel,  and  we  found  that  the  nickel  wire  used  in  the  small  elec- 
tric furnace  contained  0.106  percent  of  sulphur,  and  the  nickel  wire 
heated  at  500  to  520°  C.  for  96  to  120  hours  in  the  presence  of  iron 
sulphide  contained  0.054  percent  sulphur. 

C.  P.  Madsen^  The  onerous  patent  situation  named  makes  this 
paper  of  unusual  interest  to  the  research  engineer.  It  is  regretta- 
ble that  the  data  given  are  meager,  and,  while  the  author  has  just 
given  analyses  of  the  sulphur  content  of  the  material  used,  the 
lack  of  a  complete  analysis  makes  the  results  inconclusive.  The 
physical  properties  of  nickel  are  influenced  very  much  more  by  the 
presence  of  small  impurities  than  any  other  metal  and  commercial 
analysis  cannot  be  depended  upon.  My  opinion  is  that  the  speci- 
mens used  were  poor  samples,  although  definite  conclusions  cannot 
be  drawn  in  the  absence  of  the  size  of  wire  used  and  exact  manner 
of  making  bends.  I  made  some  tests  on  99  percent  sheet  nickel 
0.005  inch  (0.125  mm.)  thick  and  found  that  it  would  stand  from 
14  to  16  relatively  sharp  bends,  while  pure  nickel  of  the  same 
thickness,  made  in  my  own  laboratory,  stood  about  50  bends. 

It  is  well  known  that  the  presence  of  sulphur  in  nickel  makes  it 
brittle,  but  it  is  not  so  well  known  that  it  will  absorb  enough 
sulphur  at  relatively  low  temperatures  to  cause  this  trouble,  and 
this  is,  therefore,  an  important  contribution  to  the  art. 

The  author's  method  of  determining  the  influence  of  carbon, 
however,  does  not  permit  of  drawing  conclusions,  but,  on  the 
other  hand,  prior  literature  on  the  effects  of  carbon  with  relation 
to  other  impurities  upon  the  physical  properties  of  nickel  is 
meager.  It  is  claimed  by  some  that  a  very  small  amount  of  carbon 
increases  the  ductility  of  the  metal,  and  a  further  increase  makes 
it  brittle,  while  a  still  further  increase  makes  it  ductile  again. 
These  effects,  however,  are  influenced  very  much  by  the  presence  of 
small  amounts  of  other  elements,  notably  manganese  and  oxygen. 

*  Consulting  Engineer,   New  York  City. 
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While  it  is  true  that  under  some  conditions  CO  gas  does  not 
embrittle  nickel,  and  is,  in  fact,  used  commercially  for  annealing, 
the  fact  remains  that  under  some  conditions  it  does  embrittle 
nickel.  This  again  may  be  governed  by  relative  amounts  of  O 
and  CO  and  by  temperature  points  related  to  nickel  carbonyl.  I 
therefore  feel  that  much  more  work  must  be  done  on  the  effects 
of  carbon  upon  the  physical  properties  of  nickel  with  relation  to 
other  impurities  before  any  definite  conclusions  can  be  drawn. 

It  might  be  of  interest  to  know,  however,  that  the  addition  of 
about  2  percent,  chromium  has  a  tendency  to  offset  the  injurious 
effects  of  other  impurities,  and  the  addition  of  this  amount  of 
chromium  has  been  construed  to  not  come  under  the  Marsh 
patents. 

Colin  G.  Fink^:  I  should  like  to  ask  Mr.  Madsen  as  to  what 
influence  2.0  percent  manganese  has  on  the  removal  of  the  embrit- 
tling effect. 

It  has  been  our  experience  that  manganese  offsets  brittleness. 

C.  P.  Madsen  :  Replying  to  Dr.  Fink's  question,  I  hesitate  to 
make  any  definite  statements  about  nickel.  As  you  probably 
know  the  literature  on  this  subject  is  very  meager,  and,  although 
my  research  has  been  quite  elaborate,  I  do  not  yet  feel  that  I  have 
reached  any  final  conclusions.  My  results  to  date,  however,  indi- 
cate that  manganese  is  not  as  effective  as  chromium  in  overcom- 
ing the  deleterious  influence  of  other  impurities,  especially  in  the 
presence  of  carbon.  The  reason,  probably,  is  that  manganese 
forms  a  relatively  stable  carbide  which  segregates  more  or  less, 
diminishing  the  malleability  of  the  metal  at  normal  temperatures. 
It  is,  however,  added  to  commercial  nickel  which  is  to  be  hot 
rolled,  but  I  do  not  know  whether  it  is  of  actual  benefit  in  this 
case,  and  if  so,  why. 

F.  A.  J.  FitzGerald  :  The  wire  that  we  used  in  the  experiments 
was  No.  16  (1.3  mm.  thick).  I  did  not  say  that  sulphur  was  the 
only  cause  of  brittleness ;  I  said  it  was  one  of  the  causes.  We 
found  out,  I  think,  that  carbon  undoubtedly  does  have  an  effect; 
in  fact,  I  consulted  a  metallurgist  who  had  had  a  good  deal  of  ex- 
perience with  nickel,  and  it  was  he  who  originally  suggested  that 
it  was  the  effect  of  carbon  monoxide,  and  it  probably  does  have 

'  Head  of  Laboratories,  Chile  Exploration  Co.,  New  York  City. 
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some,  but  it  is  small  compared  to  sulphur.  However,  I  did  not 
mean  to  imply  that  sulphur  was  the  only  cause.  We  found  that 
nickel,  if  we  took  good  care,  could  be  used,  for  a  time  at  least,  with 
satisfaction  and  without  having  to  comply  with  the  requirements 
involved  in  the  case  of  licenses  for  nichrome. 

J.  W.  Richards^  :  There  is  one  point  in  the  paper  which  has 
interested  me  very  much,  and  that  is  that  nickel  wire  packed  in 
sulphur  and  left  at  ordinary  temperature  absorbs  sulphur  and  be- 
comes brittle.  It  is  a  remarkable  fact  that  with  the  vapor  tension 
of  the  sulphur  so  low  at  those  temperatures,  the  nickel  will  absorb 
it.  We  have  other  examples  of  metals  absorbing  the  vapors  of 
other  materials  at  temperatures  below  the  melting  point,  such  as 
the  Sherardizing  process,  where  zinc  is  absorbed  by  iron;  also 
packing  it  in  iron  sulphide,  the  dissociation  of  the  latter  is  appar- 
ently sufficient  to  give  off  sulphur  sufficiently  to  sulphurize  the 
nickel. 

F.  A.  J.  FiTzGerald:  We  have  another  good  example  of  the 
formation  of  metallic  sulphides  at  low  temperatures  in  the  experi- 
ment of  carrying  a  rubber  band  in  the  same  pocket  as  a  silver 
watch. 

^  Professor  of  Metallurgy,   Lehigh   University,   Bethlehem,   Pa. 
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SOME  PHENOMENA  OBSERVED   IN   ELECTRIC  FURNACE  ARCS.^ 

By  J.  Kelleher.^ 

As  electric  furnace  loads  increase,  the  regulation  or  maintenance 
of  these  loads  at  a  uniform  value  becomes  of  great  importance. 
There  are  at  present  many  different  automatic  regulators,  each 
having  certain  advantages.  No  matter  how  well  any  one  of  these 
regulators  is  adjusted,  much  is  still  to  be  desired.  To  those  who 
have  much  to  do  with  furnace  regulation  it  soon  becomes  evident 
that  the  movement  of  the  carbons  or  electrodes  is  not  the  only 
factor  tending  to  cause  variations  of  load  in  an  arc  furnace.  It 
will  be  observed  that  in  large  ferro-alloy  furnaces,  and  especially 
those  furnaces  where  the  charge  consists  of  second-class  con- 
ductors, the  movement  of  the  electrodes  has  to  be  considerably 
slower  than  in  a  steel  furnace,  for  example,  to  prevent  hunting. 

Another  peculiarity  is  often  found  in  three-phase  furnace  work : 
Although  the  current  flowing  to  the  furnace  is  apparently  constant, 
the  regulators  often  act  upon  the  electrodes,  unbalancing  the  load. 
The  Thury  regulator,  which  moves  the  electrodes  through  a  small 
distance  at  regular  intervals  of  time,  has,  as  the  load  of  the  fur- 
nace approaches  the  normal,  a  peculiar  hesitating  action ;  that  is, 
the  intervals  of  time  between  the  movements  of  the  electrodes 
become  greater,  as  if  the  regulator  waited  for  the  furnace  to 
reach  the  normal  load  without  further  assistance.  This  peculiar 
action  led  to  the  theory  of  a  furnace  ''time  element." 

By  "time  element"  is  meant  that  in  a  certain  furnace,  if  the 
electrode  is  moved  through  unit  distance,  it  will  take  a  certain 
length  of  time  for  the  current  to  become  stable.  This  length  of 
time  may  vary  for  different  materials,  temperatures,  etc. 

In  order  to  study  the  time  element,  a  number  of  experiments 
were  made  in  the  electrochemical  laboratories  of  the  University 

'  Manuscript  received  August  21,   1920. 
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of  Toronto  and  the  FitzGerald  Laboratories,  Niagara  Falls,  N.  Y., 
to  ascertain  if  this  time  element  really  existed  and,  if  so,  how  it 
was  affected  by  material,  temperature,  etc. 

During  the  winter  of  1919-1920,  at  the  University  of  Toronto, 
preliminary  experiments  were  carried  out  on  a  Siemens  single- 
electrode  furnace  employing  direct  current,  the  main  object  of 
these  experiments  being  to  determine  the  effect  of  slags  of  dif- 
ferent compositions  upon  the  current  variation  caused  by  a  given 
movement  of  the  electrode.  The  average  power  used  in  the  fur- 
nace was  20  kw.,  and  the  electrodes  ranged  from  2  inches  (5.1 
cm.)  to  4  inches  (10  cm.)  in  diameter,  both  graphite  and  carbon 


Fig.   1. 


being  used.  Due,  however,  to  the  difficulty  of  maintaining  con- 
stant potential  across  the  furnace  terminals,  the  results  were 
rather  confusing,  and  perhaps  even  untrustworthy.  It  was  during 
these  experiments  that  certain  phenomena  were  observed  which 
appear  to  be  worth  recording  at  this  time,  although  the  work 
planned  has  not  been  completed. 

A  bath  of  iron-nickel  alloy  covered  by  an  acid  calcium  silicate 
slag  was  melted  in  the  furnace.  To  observe  the  arc  under  these 
various  conditions  the  following  arrangement  was  employed: 
An  opening  was  made  in  the  front  wall  of  the  furnace.  The 
opening  was  then  covered  by  a  piece  of  sheet  iron  in  which  a  pin- 
hole had  been  drilled.  The  light  emerging  from  the  opening  was 
allowed  to  fall  on  a  ground  glass  screen,  which  was  moved  back- 
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ward  and  forward  until  a  clear  inverted  image  of  the  arc  was 
obtained,  thus  permitting  sketches  and  even  photographs  of  the 
arc  to  be  made.  A  few  of  the  sketches  made  are  shown  in  dia- 
gram form.  Fig.  1,  a  and  b,  represents  what  will  be  called  a 
normal  arc,  that  is,  one  where  the  movable  electrode  is  the  nega- 
tive pole.  The  flame  apparently  flowed  from  the  electrode  to  the 
slag,  depressing  the  slag  and  flaring  out  to  all  sides,  as  in  the  case 
of  diagram  a.  Fig.  1,  or  to  one  side  in  the  case  of  b.  Fig.  1.  An 
arc  length  of  about  3  inches  ( (7.6  cm.)  could  easily  be  maintained. 
Under  these  circumstances  the  arc  was  silent. 


Fig.  2  represents  what  occurs  as  soon  as  the  polarity  of  the  fur- 
nace is  changed.  A  very  unstable  arc  appeared.  This  arc  started 
below  the  surface  of  the  slag,  the  flame  moving  away  from  the 
slag  surface  and  projecting  particles  of  slag  into  the  air  with 
considerable  force.  The  length  of  this  arc  could  barely  be  main- 
tained at  a  greater  length  than  1  inch  (2.54  cm.).  The  noise  of 
the  arc  was  loud  and  spluttering. 

It  had  been  noticed  that  if,  with  a  normal  arc  such  as  a  and  b, 
Fig.  1,  large  currents  were  allowed  to  flow,  the  arc  became  noisy 
and  had  a  tendency  to  quench  itself,  even  at  comparatively  short 
lengths.    What  actually  happened  is  seen  in  Fig.  3.    Two  distinct 
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arcs  were  formed,  as  shown  at  c,  Fig.  3.  One  of  these  arcs  was 
normal,  as  shown  in  Fig.  1  ;  the  second  arc  was  formed  as  in 
Fig.  2.  As  long  as  these  arcs  remained  separate,  a  good  arc 
length  could  be  maintained.  Heavy  brown  fumes  were  observed 
under  these  conditions. 

Should  the  two  arcs  come  in  contact  with  each  other,  a  very 
loud  noise  is  at  once  produced.  The  arcs  often  take  the  form 
as  shown  in  d,  Fig.  3,  blowing  each  other  out  to  one  side  to  such 
a  distance  that  the  arc  becomes  ruptured.  At  other  times  they 
appear  like  jets  of  water  meeting  in  midair,  splashing  and  playing 
out  into  a  fan-shaped  mass  of  flame. 


Fig.  3. 


The  attempts  made  to  obtain  photographs  of  these  phenomena 
were  not  very  successful,  due  to  the  rapid  movement  of  the  arcs. 

During  the  spring  of  1920  a  certain  amount  of  work  was  done 
at  the  FitzGerald  Laboratories.  The  main  object  of  these  experi- 
ments was  to  study  the  effect  of  automatic  regulation  on  the 
furnace  currents. 

A  single-electrode  Siemens  type  furnace  was  employed,  in 
which  a  charge  of  scrap  iron  was  melted,  an  acid  calcium  silicate 
slag  being  used.  The  moving  electrode  was  of  graphite,  6  inches 
(15.2  cm.)  in  diameter,  and  the  furnace  was  run  at  a  normal 
load  of  60  kw. 

An  oscillograph  was  connected  to  the  bus  bars  leading  to  the 
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furnace  in  such  manner  as  to  obtain  sufficient  potential  to  operate 
the  vibrator. 

Both  G.  E.  and  Thury  automatic  current  regulators  were  em- 
ployed, and  numerous  films  taken  at  slow  speed  when  the  regu- 
lators were  operating  both  to  lower  and  raise  the  electrodes. 

Numerous  films  were  taken  to  obtain  the  wave  form,  and  ap- 
parently at  certain  periods  of  operation  a  set  of  distortions  cover- 
ing a  certain  number  of  waves  occurs  at  regular  intervals  of  time. 
Hunting,  which  has  been  a  great  fault  of  automatic  regulation, 
occurred  during  several  of  the  runs. 

Using  the  method  as  described  above  for  projecting  the  arc  on 
a  screen  explained  hunting  in  this  case  to  a  certain  extent.  The 
"arc"  normally  consisted  of  a  set  of  small  arcs  around  the 
periphery  of  the  electrode.  These  small  arcs  surrounded  a  central 
mass  of  flame  apparently  without  any  special  form.  The  small 
arcs  had  the  same  general  shape  as  a  direct  current  arc  between 
electrode  and  slag,  the  movable  electrode  being  the  negative  pole. 

When  the  electrode  was  close  to  the  slag  a  heavy  individual 
arc  appeared  on  the  inner  edge  of  the  electrode.  By  inner  edge 
is  meant  that  edge  on  the  inside  of  the  current-conducting  loop 
formed  by  the  bus  bars,  furnace  terminals,  electrode,  arc  and  bath. 

The  results  of  numerous  observations  might  be  summarized  as 
follows :  A  disturbance  takes  place  in  the  furnace  running  on 
normal  load  with  an  arc  as  already  described  when  the  electrode 
is  near  the  slag  surface,  tending  to  increase  the  current.  The 
regulator  immediately  starts  to  raise  the  electrode.  The  large  arc 
maintains  its  original  shape  until  the  length  becomes  so  great 
that  it  is  ruptured.  Immediately  all  the  lesser  arcs  move  away 
to  the  outer  edge  of  the  electrode,  leaving  about  75  percent  of  the 
surface  of  the  electrode  end  bare.  This  causes  a  rapid  and  large 
decrease  in  the  current  flowing,  and  the  regulator  commences  to 
lower  the  electrode. 

These  arcs  do  not  spread  across  the  surface  of  the  electrode 
until  the  surface  of  the  slag  is  almost  reached.  They  then  sud- 
denly spread  over  the  whole  electrode  surface,  causing  a  sudden 
and  large  increase  in  current,  and  the  whole  cycle  of  events  is 
repeated. 

In  a  case  like  this  the  regulator  is  hardly  to  blame  for  hunting. 
21 
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Sometimes  this  hunting  lasts  for  a  period  of  three  to  five  minutes, 
and  ceases  as  abruptly  as  it  commences. 

Provision  is  being  made  for  conducting  further  experiments 
during  the  coming  winter,  by  means  of  the  arc  projections  and 
oscillograms,  to  obtain  a  closer  and  more  intimate  knowledge  of 
hunting  and  the  general  behavior  of  the  arcs  in  electric  furnaces. 

The  wave  form  and  arc  image  will  be  simultaneously  pro- 
jected on  the  same  screen,  and  "movies"  of  the  two  will  be  taken, 
so  that  the  arc  form  will  be  seen  at  the  same  time  as  the  wave 
when  the  pictures  are  projected  in  the  usual  manner. 


DISCUSSION. 


Carl  Hering^  :  I  understand  that  in  Figure  3  an  alternating 
current  was  used ;  it  looks  as  though  the  arc  acted  as  a  rectifier 
and  split  the  alternating  current  into  two  direct  currents.  Do  each 
of  those  two  arcs  show  the  current  in  them  to  be  direct?  Was  this 
investigated  ? 

F.  A.  J.  FitzGerald":  Answering  Dr.  Hering's  question,  we 
found  that,  as  nearly  as  we  cowld  judge,  making  our  observations 
on  the  ground  glass  and  studying  the  oscillographs  afterward, 
there  was  a  very  strong  rectifying  action. 

C.  P.  MadsEn^  :  I  would  like  to  ask  Dr.  FitzGerald  what  volt- 
ages were  used  on  the  arcs? 

F.  A.  J.  FitzGerald:  In  the  experiments  made  at  our  place, 
I  think  45  volts  was  used.     It  was  an  ordinary  Siemens'  furnace. 

Carl  Hering  :  Was  the  double  arc  phenomenon  shown  in 
Figure  3  ever  found  to  exist  with  a  direct  current? 

F.  A.  J.  FitzGerald  :  Not  that  I  know  of ;  it  was  never  found 
to  be  the  case  with  the  direct  current. 

E.  R.  Morton*  :    In  reference  to  Figure  3,  the  drawing  shows 
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a  rather  thin  layer  of  metal  over  the  carbon.  If  that  is  anywhere 
near  to  scale,  it  is  possible  the  arc  ruptured  through  the  metal 
from  the  lower  carbon  electrode. 

F.  A.  J.  FitzGerald:  That  is  only  a  rough  diagram;  it  does 
not  show  the  proportion  at  all.  I  do  not  think  there  was  any 
rupture  of  the  metal  in  the  experiment,  not  from  the  observations 
we  made. 


A  paper  presented  at  the  Thirty-eighth 
General  Meeting  of  the  American  Elec- 
trochemical Society,  in  Cleveland,  Sep- 
tember 30,  1920,  President  Landis  in  the 
Chair. 


HEAT  LOSSES  THROUGH  ELECTRODES  OF  A  SIX-TON 
HEROULT  FURNACE.' 

By  M.  R.  Wolfe  and  V.  de  Wysocki.= 

The  furnace  investigated  was  a  six-ton  Heroult  electric  steel 
furnace  in  operation  at  the  plant  of  WilHam  J.  Wharton,  Jr.,  & 
Co.,  near  Easton,  Pa.  The  problem  undertaken  was  to  determine 
the  heat  loss  of  electrodes  under  actual  working  conditions. 

To  measure  the  temperature,  a  thermo-couple  of  nickel  and  iron 
wire  was  used,  the  ends  being  twisted  and  fused  together  and  con- 
nected with  the  voltmeter.  The  thermo-couple  was  standardized 
by  use  of  an  electric  muffle  furnace  in  conjunction  with  a  standard 
platimuri-iridium  thermo-couple.  The  standard  curve  thus  ob- 
tained was  used  for  measuring  the  temperatures  of  the  different 
parts  of  the  electrodes,  the  junction  being  pressed  against  the 
electrode  by  means  of  a  pad  of  asbestos  on  the  end  of  an  iron  rod. 

The  six-ton  furnace  was  provided  with  three  electrodes,  each 
38  centimeters  in  diameter,  of  ordinary  amorphous  carbon.  In 
working  up  the  calculated  heat  flow,  Hansen's  value  for  thermal 
conductivity  was  used,  vis.,  0.016  calorie  per  second  per  centi- 
meter cube  per  degree  centigrade. 

Each  electrode  was  provided  with  a  water-cooled  ring  im- 
mediately above  its  exit  through  the  roof  of  the  furnace ;  also  with 
a  water-cooled  connection  at  varying  distances  above  the  roof  of 
the  furnace.     (See  Fig.  1.) 

Heat  Losses  in  Cooling  Water. 

The  following  tests  of  each  of  the  three  electrodes,  determining 
the  amount  of  water  supplied  to  each  electrode  and  its  rise  of  tem- 
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perature,  enables  us  to  calculate  the  electric  energy  represented  by 
the  heat  in  cooling  water  used  by  each  electrode : 


1 
Temperature  of  incoming  water,  C.  degrees...       12 
Temperature  of  outflowing  water,  C.  degrees..       33.5 

Rise  in  temperature,  C.  degrees 21.5 

Grams  of  water  flowing  per  second 427.8 

Calories  per  second   9.198 

Kilowatts   absorbed 38.4 


cieciroae  ■ 
2 

3 

12 

12 

33 

38.3 

21 

26.3 

427.8 

427.8 

8,984 

11,251 

37.6 

47.1 

Fig.  1. 


The  sum  total  of  heat  in  the  cooling  water  for  the  furnace  is, 
therefore,  123.1  kw.  Since  650  kw.  was  supplied  to  the  furnace, 
the  total  electrode  loss  is  18.7  percent  of  the  power  used. 

In  order  to  separate  the  heat  carried  by  the  cooling  water  of 
the  upper  cooling  band  from  that  of  the  lower  band  (the  cooling 
water  passed  in  series  through  the  two  bands  of  each  electrode), 
an  attempt  was  made  to  measure  the  heat  flow  into  the  upper 
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water-cooled  connection,  by  noting  the  temperature  of  the  elec- 
trode below  this  connection  and  above  it,  at  a  distance  of  20  centi- 
meters apart,  and  calculating  the  heat  flow  through  these  sections. 
Following  are  the  data  obtained : 


Electrode  - 
2 

3 

138 

188 

0.1095 

G.109S 

1,260 

1,715 

5.3 

7.2 

32.3 

39.9 

1 

Temperature  difiference,  C.  degrees 156.7 

Thermal  resistance  of  section  of  electrode        0.1095 

Calories  heat  flow 1,433 

Kilowatts   6.0 

Kilowatts  for  lower  band  (difference)....       32.4 

It  thus  appears  that  a  total  of  18.5  kw.  was  absorbed  by  the 
upper  cooling  contact  holders,  leaving  104.6  kw.  absorbed  in  the 
lower  water-cooled  rings. 

A  small  amount  of  heat  is  radiated  from  the  electrode  between 
the  upper  and  lower  cooling  bands,  but  it  is  negligibly  small  in 
comparison  with  the  heat  carried  off  by  the  cooling  water. 

In  conclusion,  we  wish  to  point  out  the  lack  of  satisfactory  data 
for  the  heat  conductivity  of  carbon  electrodes  of  dififerent  diam- 
eters and  at  different  temperatures.  There  would  seem  to  be  a 
great  field  for  experimental  work  in  this  direction. 

We  wish  to  record  our  obligations  to  Mr.  A.  S.  Hummell,  of 
the  William  J.  Wharton  Steel  Works,  for  permission  to  make 
the  tests. 


DISCUSSION. 


F.  A.  J.  FitzGerald^  :  Is  it  fair  to  call  these  losses  that  were 
measured,  electrode  losses?  Is  not  some  of  the  heat  lost  from 
the  roof  ?  Those  cooling  rings  as  shown  in  the  figure  are,  I 
think,  put  on  very  largely  for  the  purpose  of  keeping  the  bricks 
around  the  electrode  cool,  and  not  so  much  with  the  idea  of 
cooling  the  electrode,  so  that  a  certain  amount  of  heat  that  is  lost 
undoubtedly  comes  by  conduction  through  the  roof,  and  not  from 
the  electrodes,  and  therefore  ought  not  to  be  called  electrode  loss. 

*  FitzGerald  Laboratories,  Inc.,  Niagara  Falls,   N.   Y. 
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Carl,  Hering^  :  It  is  a  pity  the  authors  did  not  state  the 
current  also,  so  that  it  might  be  possible  to  use  their  figures  for 
making  deductions  on  other  sizes  of  electrodes.  The  electrode 
projected  considerably  above  the  upper  water-cooling  ring ;  unless 
that  upper  water-cooling  ring  cools  the  electrodes  to  the  tem- 
perature of  the  air,  there  will  be  a  further  loss  above  the  upper 
ring,  and  that  further  loss  is  not  accounted  for  in  the  results. 
Therefore,  if  that  is  the  case,  and  no  doubt  it  is,  the  actual  loss 
is  greater  than  18.7  percent,  except  that,  as  Mr.  FitzGerald  just 
now  said,  the  18.7  percent  may  include  some  of  the  roof  loss. 

Robert  Turnbulv'^  :  I  wish  to  confirm  what  Mr.  FitzGerald 
has  said  in  regard  to  the  purpose  for  which  these  cooling  rings 
are  intended.  They  were  never  intended  to  cool  the  electrode ; 
such  a  thing  would  be  impossible,  and  especially  by  radiation. 
They  would  not  even  have  much  cooling  effect  if  they  were 
clamped  tight  to  the  electrode  instead  of  being  placed  loosely 
around  it.  The  purpose  of  these  rings  is  to  cool  the  roof,  or 
rather  the  circle  of  bricks  in  the  roof  through  which  the  electrode 
passes.  Before  cooling  rings  were  used,  only  from  five  to  seven 
days'  life  could  be  obtained  from  the  rings  of  silica  brick  in  the 
roof.  After  cooling  rings  were  used,  from  three  to  six  weeks' 
life  was  obtained,  resulting  from  the  cooling  effect  of  the  cooling 
ring.  The  main  losses  in  temperature,  and  the  resulting  heating 
of  the  water  in  the  cooling  rings  came  from  the  roof  itself,  and 
from  the  flames  and  hot  gases  which  pass  between  the  cooler 
and  the  electrode,  and  I  think  if  heat  losses  from  the  electrode 
itself  were  measured  by  some  other  means  than  by  the  increase 
of  temperature  in  the  water,  where  allowance  has  to  be  made 
for  the  heat  given  off  by  the  flames,  gases,  heating  from  roof 
rings,  etc.,  one  would  find  that  only  about  one-quarter  of  the 
losses  are  due  to  the  electrode.  I  think  this  paper  would  better 
be  named  "Losses  Caused  by  the  Passage  and  Radiation  of  Heat 
Through  and  From  the  Roof  of  an  Electric  Furnace,"  because 
if  the  electrode  did  not  go  through  the  roof,  there  would  be  very 
little  loss.     The  authors  give  650  kw.  as  the  amount  of  current 
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operating  the  furnace  on  which  the  tests  were  made.  If  the 
percentage  of  loss  was  18  percent,  with  650  kw.  it  would  be 
much  less  with  1,500  kw.,  which  is  the  amount  generally  used 
in  a  6-ton  furnace ;  in  this  latter,  the  losses,  instead  of  being  18 
percent,  would  be  between  7  and  8  percent. 

J.  W.  Richards*  :  In  my  opinion  the  criticism  is  quite  correct ; 
the  losses  given  are  total  losses,  including  that  on  the  cooling 
rings,  and  are  not  all  ascribable  to  the  electrode  itself. 

Colin  G.  Fink-'  :  In  reference  to  that  conductivity  value  of 
0.016  calorie  per  second  per  centimeter  cube  per  degree  Centi- 
grade, Mr.  Hansen  determined  that  value  fifteen  years  ago,  and 
at  that  time  we  were  getting  pretty  good  electrodes,  but  I  under- 
stand they  are  either  better  or  worse  today,  so  that  the  value  may 
not  apply  to  the  electrodes  which  were  used  in  the  present  experi- 
ment. 

Frank  Hodson"  (Communicated)  :  This  excellent  little  paper 
will,  no  doubt,  surprise  many  electric  furnace  users  as  to  the 
amount  and  cost  of  power  they  are  losing  through  the  furnace 
roof.  After  a  close  study  of  this  particular  problem  for  the  last 
four  years,  the  writer  is  only  surprised  that  the  losses  recorded 
were  not  larger.  If  the  amount  of  heat  in  the  shape  of  flame 
that  escapes  from  most  furnace  roofs  were  taken  fully  into 
account,  the  loss  would  be  found  to  be  nearer  30  than  18.7 
percent.  The  method  employed  by  the  authors  of  the  paper, 
whilst  giving  actual  heat  losses  from  the  electrodes,  only  gives 
heat  absorbed  by  the  water  cooler;  a  great  deal  more  than  this 
is  usually  lost. 

In  considering  these  heat  losses,  which  perhaps  would  be  better 
described  as  through  the  furnace  roof  rather  than  through  the 
electrodes,  it  might  be  interesting  to  consider  how  the  conditions 
governing  the  loss  of  heat  and  power  can  be  improved.  Broadly 
speaking,  the  causes  are  the  heating  up  of  electrode,  due  to 
(1)   faulty  electrode  joint  or  defective  electrode,  (2)  imperfect 
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contact  or  badly  designed  electrode  holders,  (3)  electrode  pen- 
ciling off  at  point  of  arc,  (4)  oxygen  from  the  air  combining  with 
the  carbon  of  electrode  and  burning  off. 

(1).  Special  care  should  always  be  taken  in  joining  up  elec- 
trodes ;  troubles  due  to  this  become  increasingly  worse  as  the 
melt  proceeds.  Good  quality  electrodes  can  now  be  purchased, 
and  it  pays  to  stand  a  higher  price  for  proved  electrodes. 

(2).  Design  of  electrode  holder  should  be  carefully  considered 
and  changed  if  undue  losses  occur.  With  proper  contact,  little 
or  no  heating  should  occur  here.  On  our  own  furnaces  we  have 
not  found  it  necessary  to  install  water-cooled  holders,  looking 
upon  these  as  an  admission  of  failure  to  get  proper  electrical 
contact. 

(3)  and  (4).  Penciling  of  Electrodes.  This  is  probably  the 
indirect  cause  of  more  heat  losses  than  any  other  feature.  It  is 
accentuated  in  cases  where  too  large  a  space  is  left  between 
the  electrodes  and  the  cooling  ring,  or  where  the  furnace  doors 
are  not  kept  properly  closed  at  the  bottom,  or  where,  as  in  some 
cases,  the  melter  has  to  unduly  open  the  doors  to  inspect  or 
rabble  the  molten  charge.  The  air  strikes  the  white-hot  elec- 
trode and  burns  away  carbon,  the  hole  in  the  roof  acts  as  a  flue, 
and  the  electrode  pencils  oft",  so  that  the  area  at  the  bottom, 
where  the  arc  is,  is  often  only  one-fifth  of  what  the  furnace 
builders  have  designed  to  carry  the  power  behind  the  furnace. 
The  current  continues  to  flow  through  this  restricted  area  of 
electrode,  and  its  resistance  to  the  excessive  current  over  the 
smaller  area  results  in  the  whole  electrode  heating  up,  instead 
of  this  energy  going  into  the  arc.  This  also  causes  trouble  with 
the  joints,  with  the  holders  and  on  all  the  outside  electrical  con- 
nections. Sometimes  large  pieces  or  flakes  of  electrodes  break 
off,  due  to  the  increased  resistance. 

With  the  above  facts  in  mind,  we  have  been  working  for  the 
last  five  years  to  try  and  prevent  this  penciling  and  heating  up 
of  electrodes.  It  was  realized  early  in  the  investigation  that  if 
the  flame  could  be  prevented  from  blazing  out  at  the  top  that 
one  of  the  chief  troubles,  viz.,  penciling,  would  be  largely  over- 


HEAT  LOSSES  THROUGH  ELECTRODES. 


323 


come.     Experiments  have  been  made  with  over  a  dozen  different 
types  of  water  cooler,  and  also  attempts  were  made  to  insert  an 
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Fig.    1.      The    Brooke    Electrode   Economizer. 


inert  gas  under  the  furnace  roof.  As  a  result  of  these  experi- 
ments, Mr.  F.  W.  Brooke,  Vice-President  of  the  Electric  Furnace 
Construction  Co.,  has  developed  a  type  of  electrode  cooling  ring 
or  "Electrode  Economizer,"  now  fitted  as  a  standard  on  all 
Greaves-Etchells  Furnaces,  that  really  does  prevent  this  flame  and 
consequent  penciling  of  electrodes  and  other  troubles  caused 
thereby.  These  economizers  have  been  fitted  to  a  number  of  fur- 
naces and  have  stood  up  remarkably  well.  Some  have  been  in 
constant  operation  for  six  months,  and  are  as  good  now  as  the 
day  installed.  The  invention  is  covered  by  patents,  but  the 
company  can  supply  these  for  all  tvoe-:  of  furnaces.  A  full 
description  of  this  device  was  presented  at  tne  recent  meeting 
of  the  Association  of  Iron  and  Steel  Electrical  Engineers,  by 
Mr.  E.  T.  Moore,  Chairman  of  the  Electric  Furnace  Committee, 
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pages  92  to  95,  September,  1920,  Report,  but  a  brief  description 
will  probably  interest  A.  E.  S.  members. 

The  Brooke  "Economizer"  depends  for  its  action  on  the  well- 
known  scientific  fact  that  hot  gases  imder  pressure,  if  suddenly 
allowed  to  expand,  quickly  lose  their  high  temperature.  The 
gases  generated  in  an  electric  furnace  are  only  combustible  at 
high  temperature  and  in  the  presence  of  oxygen.  All  other  cool- 
ing rings  simply  content  themselves  with  cooling  these  burning 
gases.  In  the  Brooke  Economizer  the  roof  ports  and  the  elec- 
trode are  kept  reasonably  cool  and  the  gases  leaving  the  furnace 
are  at  too  low  a  temperature  to  ignite.  The  gases  pass  first  of 
all  in  between  the  electrode  and  the  porthole  roof,  and  then 
through  the  small  clearance  marked  A,  Fig.  1,  in  the  cooling  ring 
and  into  a  relatively  larger  chamber,  B,  which  causes  the  expan- 
sion of  the  gases  and  thereby  giving  up  a  large  amount  of  sensible 
heat  in  the  gases.  This  heat  is  absorbed  by  the  water  in  the 
cooling  ring.  From  chamber  B  they  are  once  more  contracted 
through  the  small  clearance  C  and  then  passed  to  a  very  large 
chamber,  D,  for  a  second  and  chief  expansion.  The  design  dif- 
fers slightly  with  amorphous  or  graphite  carbon  electrodes,  but 
the  effect  is  that  no  flame  is  seen  from  the  top  of  the  furnace  and 
the  electrodes  do  not  pencil  off.  Even  if  the  electrodes  are  with- 
drawn and  the  furnace  is  pouring,  there  is  no  flame  or  reduction 
of  diameter.  Nor  does  any  flame  appear  when  carbon  is  thrown 
on  the  slag.  On  a  recently  installed  four-electrode  furnace,  the 
monthly  figures  were  12.5  lb.  (5.7  kg.)  of  graphite  electrodes 
per  ton.  The  average  over  six  months  was  13  lb.  (5.9  kg.).  I 
should  very  much  like  the  writer  to  make  a  series  of  similar  tests 
on  a  furnace  fitted  with  the  special  cooling  rings.  The  electrodes 
in  these  furnaces  never  get  red  or  white-hot  outside  the  furnace, 
and  it  can  be  seen  with  the  naked  eye  that  a  considerable  saving 
of  heat  and  power  does  take  place. 

J.  W.  Richards  :  I  shall  be  pleased  to  have  some  of  my  students 
avail  themselves  of  Mr.  Hodson's  offer,  and  make  similar  measure- 
ments on  a  furnace  equipped  with  the  Brooke  economizer  rings. 


A  paper  presented  at  the  Thirty-eighth 
General  Meeting  of  the  American  Elec- 
trochemical Society,  tii  Cleveland,  Sep- 
tember 30,  1920,  President  Landis  in  the 
Chair. 


HEAT  CONTENT  OF  STEEL  AND  SLAG  FROM  AN  ELECTRIC 

FURNACE.' 

By  A.  M.  KuHLMANN   and  a.  D.    Spillman.- 

Abstract. 

Calorimetric  determinations  of  the  heat  content  of  liquid  steel 
and  liquid  slag  from  a  six-ton  Heroult  steel-casting  furnace.  Also 
determinations  of  the  heat  capacity  of  the  solid  steel  and  solid 
slag.     [J.  W.  R.] 


The  following  experiments  were  made  on  the  heat  content  of 
the  steel  and  slag  produced  in  an  electric  steel  furnace  in  opera- 
tion at  the  works  of  the  William  J.  Wharton,  Jr.,  Iron  and  Steel 
Co.,  making  steel  castings  from  steel  scrap  melted  in  a  six-ton 
Heroult  electric   furnace. 

apparatus  used. 

Calorimeter  was  a  galvanized  iron  bucket  21.6  cm.  in  diameter 
and  31.6  cm.  high,  insulated  on  the  outside  with  a  single  layer 
of  asbestos,  1  mm.  thick.  Calorimeter  rested  on  a  wooden  stool ; 
stirring  was  done  by  hand  with  a  wooden  paddle.  Thermometer 
had  a  range  of  50°  C.  was  graduated  in  tenths,  and  temperature 
reading  could  be  estimated  to  0.01°. 

For  measuring  temperatures  a  Fery  radiation  pyrometer  was 
used  for  high  temperatures  and  either  a  platinum-iridium  thermo- 
couple or  platinum  resistance  pyrometer  for  the  lower  tempera- 
tures. The  samples  experimented  upon  in  solid  condition  were 
brought  up  to  heat  in  an  electric  resistance  muffle-furnace. 

'  Manuscript  received  July  13.  1920.  Abstract  of  thesis  for  the  degree  of  Klectro- 
metallurgist  at  Lehigh   ijniversity. 

'  Candidates    for    degree    of    Electrometallurgist.    Lehigh    University. 
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DETERMINATION  OF  WATER  VAI^UE  OF  CALORIMETER. 

Water  value  of  the  calorimeter  was  determined  experimentally 
by  the  method  described  by  J.  W.  Richards  (Journal  of  the  Frank- 
lin Institute,  Aug.,  1901). 

The  water  values  found  for  the  calorimeter  were  as  follows : 

1  minute 359  calories 

2  "  402 

3  "  454 

4  "  496 

5  "  533 

6  "  extrapolated 562 

These  values  were  used  as  explained  in  the  article  referred  to. 

HEAT  CONTENT  OF  SLAG. 

Solid  State. 
The  slag  from  the  furnace  had  the  following  approximate  com- 
position as  given  by  the  chemist  at  the  works : 

Percent 

Si02  23.5 

S    0.65 

P  0.5 

Fe^Os+AUOs 24.0 

CaO  42.0 

Experiments  were  first  made  upon  heat  content  of  this  slag  in 
solid  state  at  temperatures  up  to  810°,  as  measured  with  the 
platinum  resistance  pyrometer.  Five  experiments  gave  the  fol- 
lowing data : 

497°  C 93.3  calories  per  gram 

622°  C 124.2        

638°  C 134.9 

685°  C 144.6 

810°  C 179.5 

Discussion  of  the  above  results  gives  as  mean  specific  heat  S 
(t  to  0)  and  for  the  heat  content  Q  (t  to  0)   the  following  ex- 
pressions for  solid  slag: 

S„    (0-t)    =  0.133     +   0.0001  It 
Q     (0-t)    =  0.133t   +   0.0001  It- 
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Liquid  State. 

Two  experiments  were  made  on  liquid  slag  at  temperatures  of 
1190°  C.  and  1250°  C.  (radiation  pyrometer),  with  the  follow- 
ing results : 

Q   (1190°C-0) 476     calories 

Q  (1250°C-0) 520.5 

LATENT  HEAT  OF  FUSION. 

The  heat  content  of  solid  slag  evalued  for  1190°  C.  gives  330 
calories  and  for  1250°  C.  gives  340  calories.  The  two  values 
of  the  latent  heat  of  fusion  thus  deduced  would  be: 

476     —  315  =  161      calories 
520.5  —  340  =  180.5 

Of  these  two  values  the  former  is  probably  more  nearly  correct. 
HEAT  CONTENT  OF  STEEL. 

The  steel  varied  in  composition  from  0.06  to  0.20  percent  car- 
bon and  from  0.1  to  0.2  percent  manganese.  Its  heat  content  was 
determined  both  in  solid  and  in  liquid  state. 

Solid  State. 

Temperatures  were  determined  by  the  thermo-couple  or  the 
resistance  pyrometer.  The  heat  content  was  determined  at  12 
different  temperatures  ranging  from  455°  C.  to  970°  C.  The 
results  were,  within  experimental  errors,  coincident  with  the 
values  given  by  Pionchon  and  Richards  in  Richards'  Metallur- 
gical Calculations,  Volume  II. 

Liquid  State. 

Several  determinations  of  the  heat  in  the  liquid  steel  as  it  flowed 
from  the  furnace  were  as  follows,  corrected  to  0°  C. : 


311.5  calories 

302.7 

" 

306.8 

312.5 

t( 

315 

" 

324.3 

" 

325.2 

i< 
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We  estimate  that  at  1900°  C.  the  heat  content  of  steel  is  325 
calories,  as  probably  the  maximum  for  the  temperature  given. 


DISCUSSION. 


J.  W.  Richards^  :  The  authors  not  only  measured  the  heat 
in  the  liquid  slag  and  steel,  but  they  also  made  some  experiments 
on  the  heat  capacity  of  the  slag  and  the  steel  in  the  solid  state. 
The  calorimetric  work  was  rather  carefully  done.  The  method 
of  making  corrections  for  the  heat  losses  in  the  calorimeter  were 
determined  experimentally  by  a  method  I  have  used  for  a  good 
many  years  and  found  to  be  very  reliable.  I  think  that  when 
the  materials  dropped  into  the  calorimeter  they  measured  the  true 
heat  content  within  half  of  one  percent.  The  two  determinations 
of  the  amount  of  heat  in  the  liquid  slag  gave  476  and  520  calories 
per  kilogram, 

Carl  Hiring-  :  When  molten  steel  is  dropped  into  water  there 
is  a  lot  of  steam  generated  and  that  means  the  absorbing  of  latent 
heat.  This  would  give  rise  to  a  large  error  in  using  a  water 
calorimeter,  for  such  high  temperature  material.  It  would  be 
much  better  to  place  in  the  calorimeter  a  cup  containing  lead  and 
pour  the  molten  steel  into  this  lead ;  then  measure  the  tempera- 
ture after  it  has  become  uniform  in  the  steel,  lead  and  water.  A 
correction  for  the  specific  heat  of  the  lead  and  the  steel  might  be 
necessary  for  accurate  measurements. 

W.  S.  Landis^  :  There  are  a  number  of  things  in  the  paper 
that  I  think  require  a  little  clearing  up.  One  of  them  is  the  ques- 
tion of  these  temperatures.  I  notice  the  radiation  pyrometer  was 
used  for  measuring  high  temperatures.  Usually  around  the  steel 
furnace  the  radiation  pyrometer  is  quite  sufficient  for  the  furnace 
attendant,  but  when  it  comes  to  actual  scientific  data,  it  has  a 
great  many  errors  and  weaknesses  which  render  its  reading 
somewhat  doubtful  for  exact  work. 

'  Prof,  of  Metallurgy,  L,ehigh  University. 

^  Consulting  Electrical   Engineer,   Philadelphia,    Pa. 

•  American  Cyanamid  Co.,  New  York  City. 
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J.  W.  Richards:  My  own  opinion  is  that  the  radiation  pyro- 
meter temperatures,  as  stated,  are  far  too  low,  and  that  is  con- 
firmed by  the  fact  that  they  got  476  and  520  calories  in  the 
liquid  slag,  which  is  probably  reliable ;  deducting  the  correction 
for  heat  in  the  solid  slag  at  1,250°,  leaves  the  latent  heat  of  fusion 
160  or  180  calories.  I  think  1,250°  is  not  taken  high  enough; 
the  latent  heat  of  fusion  of  the  slag  is  probably  in  the  neighbor- 
hood of  100  to  130  calories.  The  determination  of  the  tempera- 
ture of  a  slag  flowing  out  into  the  open  is  defective  by  the  radia- 
tion pyrometer  because  of  the  unknown  or  indefinite  emissivity 
of  the  melted  slag,  and  this  is  a  factor  which  should  be  determined 
for  us  by  some  physical  experimenter.  The  total  thermal  emis- 
sivities  of  the  materials  are  needed  in  order  to  calculate  from  the 
black-body  temperature,  which  the  radiation  pyrometer  gives, 
the  actual  temperature  of  the  material.  I  think,  however,  that 
the  calorimetric  value  of  the  heat  in  the  melted  slag  and  melted 
steel  are  reliable,  and  these  are,  for  practical  purposes,  what 
we  want  to  know  with  regard  to  the  furnace.  These  are  actual 
data  which  will  tell  us  what  the  heat  content  of  the  slag  and  the 
steel  is,  which  enables  us  to  size  up  the  thermal  balance  sheet  of 
the  furnace. 

W.  S.  Landis  :  I  would  like  to  ask  Professor  Richards  if  the 
value  for  slag,  and,  in  particular,  the  values  for  steel  given  here, 
correspond  for  this  electric  furnace  steel  very  closely  with  some 
of  the  older  figures  we  have  been  in  the  habit  of  using,  and 
which  were  derived  some  eight  or  ten  years  ago  by  some  German 
metallurgical  laboratory  ? 

J.  W.  Richards:  These  values  are  in  general  somewhat 
higher.  The  values  given  for  liquid  steel  from  an  open  hearth 
furnace  are  usually  250  or  275  calories,  up  to  300  as  a  maximum. 
These  all  went  over  300 ;  the  temperature  was  probably  higher 
than  crucible  steel  and  certainly  higher  than  open-hearth  steel. 
In  regard  to  the  steam  generated,  as  queried  by  Dr.  Hering,  if 
there  was  heat  lost  by  the  vaporization  of  water  not  accounted 
for,  these  values  would  all  be  too  low.  I  think  the  loss  by  pour- 
ing hot  metal  and  hot  slag  into  water  is  small.  I  came  to  that 
conclusion  by  making  a  great  many  experiments.  I  made  exper- 
iments,  for  instance,  where  the  slag  was  poured  into  a  copper 
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container  immersed  in  the  water.  The  slag  then  cools  very 
slowly,  but  we  can  get  its  heat  content  if  we  continue  the  experi- 
ment long  enough.  We  can  then  find  the  heat  lost  by  vaporizing 
water  by  comparing  that  with  the  heat  obtained  by  dropping  the 
slag  into  the  water  directly.     This  difference  is  small. 

Carl  Hering:  What  I  meant  was  to  pour  the  steel  into  the 
solid  lead  and  let  the  lead  take  up  the  heat  of  the  steel  and 
then  give  it  to  the  water,  which  it  would  presumably  do  slowly 
enough  not  to  waste  any  heat  in  the  form  of  latent  heat  in  mak- 
ing steam. 

W.  S.  Landis:  a  paper  of  this  sort  is  an  extremely  important 
contribution  just  at  this  time.  We  have  been  dependent  in  this 
country  for  a  number  of  years  on  tables  of  constants  either  of 
German  or  French  origin.  We  must  not  lose  sight  of  the  fact 
that  we  are  now  trying  to  make  up  our  own  book  of  constants 
in  this  country,  and  we  want  all  the  data  of  this  kind  we  can  get, 
good,  bad  or  indifferent,  open  or  not  to  criticism.  There  is 
going  to  be  a  competent  committee  appointed  to  comb  out  this 
material,  but  it  is  very  important  that  a  society  of  this  sort 
keep  up  its  end  of  that  book  of  constants  by  the  determination 
of  just  such  physical  information  as  this.  That  book  will  not 
go  to  press  for  some  time  at  the  rate  it  is  progressing,  but  we 
want  to  have  as  many  data  relative  to  the  electrochemical  industry 
in  there  as  we  can  get.  I  want  the  members  of  the  Society  to 
assemble  these  data  and  give  us  papers  on  them,  even  if  they 
consist  of  only  two  paragraphs,  but  present  your  figures  so  that 
we  will  get  the  matter  published  and  get  it  before  the  committee 
handling  these  new  tables  of  constants. 

A.  L.  Field*  :  I  would  like  to  ask  Dr.  Richards  how  the  steel 
was  melted  and  what  was  the  carbon  content? 

J.  W.  Richards:  It  was  a  low  carbon  steel,  used  for  soft 
steel  castings,  melted  in  the  furnace  from  scrap  and  stated  to  have 
between  0.18  and  0.20  percent  of  carbon.  There  are  now  two 
electric  steel  plants  near  Easton,  Pa.,  utilizing  the  large  amount 
of  steel  scrap  to  be  found  in  the  Lehigh  Valley,  and  both  work- 
ing with  power  derived  from  the  Easton  Light  &  Power  Company, 

*  Res.   Physical   Chemist,   Electro-Metallurgical   Co.,   Niagara   Falls,   N.   Y. 
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generated  by  steam,  and  probably  paying  about  the  same  price 
for  it,  about  1  cent  per  kw.  hour,  when  using  it  "off-peak."  Both 
these  plants  are  running  successfully  and  making  a  profit  with- 
out any  reference  whatever  to  water  power. 


A  paper  presented  at  tlie  Thirty-seventh 
General  Meeting  of  the  American  Elec- 
trochemical Society,  and  called  up  for 
discussion  at  the  Thirty-eighth  General 
Meeting  of  the  Society  in  Cleveland, 
September  30,  1920 ^  President  Landis  in 
the  Chair. 


ELECTRIC  FURNACE  SMELTING  OF  MONTANA 
MANGANESE   ORES.^ 

'      By  E.   S.   Bardwell.2 

Abstract. 

An  account  of  the  plant  of  the  Anaconda  Copper  Company  at 
Great  Falls,  Mont.,  for  reducing  the  Montana  rhodochrosite  man- 
ganese ores  chiefly  from  the  Emma  Mine  in  the  Butte  district. 
Detailed  description  is  given  of  the  furnaces,  the  electrode  hold- 
ers, and  the  operation  of  the  furnaces.  In  a  test  made  on  a 
nalf-and-half  mixture  of  ores  from  the  Philipsburg  and  Butte  dis- 
tricts the  charges  and  products  were  carefully  weighed  and 
analyzed,  and  balance  sheet  is  given  covering  a  period  of  274 
hours  running,  and  therefrom  is  deduced  a  heat  balance  sheet 
showing  the  available  heat  in  the  furnace  and  its  distribution. 
The  author  calculates  the  net  useful  efficiency  of  the  furnaces 
tested  to  have  been  71.7  percent.  Of  the  heat  losses  sustained  40 
percent  was  due  to  radiation  and  60  percent  to  the  electrical  losses 
in  transformers,  conductors,  electrodes  and  contacts.  The  com- 
position and  properties  of  the  slags  are  discussed;  also  volatiliza- 
tion losses  and  the  possibility  that  some  are  due  to  formation  of 
carbonyls  of  iron  and  manganese.  Finally  the  details  of  the  cal- 
culation of  the  charge  are  given. —  [J.  W.  R.] 


During  the  year  1918-^  there  was  produced  in  the  United 
States  304,366  long  tons  of  manganese  ore,  containing  over  35 
percent  manganese.  Of  this  amount,  Montana  alone  produced 
199,932  tons,  or  over  65  percent  of  the  total  tonnage.  Practically 
all  of  this  ore  came  from  the  Philipsburg  and  Butte  districts ; 

'  Manuscript   received   April    6,   1920. 

2  Metallurgist,   Anaconda   Copper  Mining  Co.,   Great  Falls,   Montana. 

'The   Mineral    Industry    (1918),   27,  460. 
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127,415  tons  from  the  Philipsburg  district,  72,381  tons  from  the 
Butte  district,  with  only  136  tons  reported  as  coming  from  other 
parts  of  the  State.  The  armistice  caused  an  immediate  curtail- 
ment of  manganese  mining  in  Montana,  owing  to  the  abihty  of 
the  eastern  steel  plants  to  again  secure  suppHes  of  manganese  ore 
from  foreign  sources. 

Prior  to  the  year  1914  less  than  2  percent  of  the  total  high- 
grade  manganese  ore  used  in  the  United  States  was  mined  in  this 
country.  The  manganese  production  of  the  State  of  Montana  in 
1918  was  greater  than  the  total  imports  to  this  country  for  the 
year  1911,  and  would  represent  a  substantial  percentage  of  this' 
country's  normal  requirements. 

In  view  of  these  facts,  the  importance  of  this  potential  source 
of  manganese  cannot  fail  to  be  recognized,  and  a  discussion  of  the 
problems  arising  in  the  smelting  of  these  ores  in  the  electric 
furnace  should  be  of  interest. 

Character  of  Ores. 

The  Montana  ores  are  low  in  phosphorus  and  iron  and  admir- 
ably suited  for  the  production  of  80  percent  f erro-manganese. 

In  the  Butte  district  the  Emma  Mine  is  the  chief  producer. 
The  output  of  this  mine  during  the  war  reached  a  maximum  of 
10,000  tons  of  rhodochrosite  ore  a  month,  the  greater  part  of 
which  was  shipped  to  eastern  consumers. 

A  typical  analysis  of  this  ore  would  be  as  follows : 

Percent 

Moisture   2.61 

MnO    46.87 

FeO   2.68 

SiO.  6.19 

AI2O.  1.18 

CaO   0.00 

MgO    2.61 

BaO   0.00 

CO2    : 33.56 

95.70 
Undetermined    4.30 

100.00 

The  Philipsburg  ores  differ  from  those  of  the  Butte  district  in 
that  they  are  higher  in  silica  and  contain  manganese  principally  in 
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the  form  of  the  psilomelane,  a  hydrated  oxide  of  manganese  of 
more  or  less  indefinite  composition. 

An  average  analysis  of  this  ore  would  be  about  as  follows : 

Percent 

Moisture    9.73 

MnO.    50.10 

MnO    3.83 

Fe.03   2.90 

SiO. 18.07 

ALO. 2.01 

CaO  — 

MgO    — 

BaO — 

Loss  on  Ignition 12.80 

99.44 
Undetermined    0.56 

100.00 

By  washing,  it  is  possible  to  reduce  the  silica  content  of  the 
Philipsburg  ores  to  at  least  one-half  the  percentage  stated  above, 
with  a  corresponding  increase  in  manganese  content. 

Electric  Furnace  Plant  at  Great  Falls,  Montana. 

During  the  year  1918  the  Anaconda  Copper  Mining  Company 
erected  at  Great  Falls,  Montana,  an  electric  furnace  plant  capable 
of  producing  90  tons  daily  of  80  percent  alloy.  The  first  of  five 
furnaces  was  started  in  September.  Three  furnaces  were  ready 
for  operation  at  the  time  the  armistice  was  signed,  shortly  after 
which  time  operation  ceased,  due  to  lack  of  market  for  the 
product. 

The  furnaces  consist  of  an  open-top,  shallow  brick  shaft 
28  X  14  X  9  feet  (8.4  x  4.2  x  2.7  m.)  in  outside  dimensions.  The 
outer  walls  are  of  red  building  brick,  with  an  inner  firebrick  lining. 
The  shaft  has  a  tamped  lining  composed  of  dead-burned  mag- 
nesite,  with  pitch  as  a  binder.  The  tamped  lining  is  three  feet 
(90  cm.)  in  thickness  at  the  bottom  of  the  crucible,  and  is  brought 
up  the  sides  to  a  point  about  18  inches  (45  cm.)  above  the  tap-hole 
level.  Cooling  pipes  are  provided  in  the  bottom,  through  which 
air  for  cooling  is  circulated.  The  inner  dimensions  of  the  crucible 
at  the  middle  section  are  22  x  9  feet  (6.6  by  2.7  m.)  by  6  feet 
(1.8  m.)   deep.     The  furnaces  are  operated  on  60-cycle,  three- 
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phase  alternating  current.  Two  24-inch  (60  cm.)  round  amor- 
phous carbon  electrodes  are  used  in  a  common  holder  on  each 
phase.  The  electrodes  are  spaced  three  feet  (90  cm.)  between 
centers  in  the  holders  and  the  pairs  about  five  feet  (1.5  m.)  on 
centers. 

The  holders  originally  provided  were  discarded  on  account  of 
mechanical  difficulties  and  another  very  simple  holder  devised. 
This  holder  is  made  in  two  entirely  independent  halves  held  to- 
gether by  pins  and  wedges.  The  long  fish-tail  cast  integral  with 
the  holder  makes  it  possible  to  avoid  bringing  cables  out  over  the 
furnace,  where  they  will  be  subjected  to  the  hot  gases.  Water- 
cooling  is  brought  about  by  a  coil  of  pipe  properly  formed  and 
cast  in.  The  water  connections  for  each  half  are  independent. 
The  holder  is  supported  by  yokes,  which  serve  to  keep  the  chains 
used  for  raising  and  lowering  the  holders  up  out  of  the  heat.  The 
winches  for  raising  and  lowering  the  electrodes  are  placed  upon 
the  bridge  supporting  the  holder  and  electrodes,  which  bridge  is 
insulated  from  the  furnace  superstructure  by  means  of  vitrified 
brick  interposed  between  it  and  the  super-structure.  No  trouble 
was  experienced  from  failures  of  insulation  during  the  time  the 
furnaces  were  operated.  The  holders  themselves  were  cast  in 
sand  molds  from  phosphor-copper,  and  required  practically  no  ma- 
chine work.  We  found  the  contact  surface  ample  and  the  holder 
sufficiently  flexible  to  take  care  of  the  inequalities  in  size  often 
existing  between  the  two  electrodes  in  the  holder.  A  loosely  fit- 
ting sheet  steel  sleeve  was  provided  to  slip  down  over  the  electrode. 
This  rested  on  top  of  the  holder  and  prevented  the  electrode  being 
eaten  away  above  the  holder  by  the  hot  gases. 

When  slipping  electrodes  the  wedges  were  easily  loosened,  the 
holder  raised  and  again  clamped.  The  time  required  for  slipping 
electrodes  was  not  over  ten  minutes.  No  attempt  was  made  to 
protect  the  electrode  exposed  between  the  holder  and  the  charge, 
except  to  keep  the  holder  as  close  down  to  the  top  of  the  charge  as 
was  feasible. 

The  sub-station  from  which  electrical  energy  is  supplied  is 
located  immediately  back  of  the  furnaces.  It  receives  power  at 
110,000  volts  from  near-by  hydroelectric  plants  of  the  Montana 
Power  Company.  Two  12,000  K.  V.  A.  General  Electric  trans- 
formers serve  to  reduce  the  voltage  from  110,000  to  6600  volts,  at 
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which  voltage  it  is  delivered  to  the  furnace  transformers.  Each 
furnace  is  equipped  with  one  General  Electric  polyphase  trans- 
former rated  at  5630  K.  V.  A.,  provided  with  taps  on  the  high 
tension  side  for  85,  100,  115  and  130  volts.  The  furnaces  were 
operated  with  a  no-load  voltage  of  115  volts.  The  average  input 
under  these  conditions  was  3600  K.  W.  The  power  factor  was 
about  80  percent. 

The  operating  panels  are  arranged  in  a  gallery  overlooking  the 
furnaces.  Provision  is  made  for  either  hand  or  automatic  control. 
The  automatic  regulators  are  of  the  General  Electric  type  orig- 
inally designed  to  operate  on  current.  We  found  it  advantageous, 
however,  to  keep  the  voltage  on  the  separate  phases  balanced 
rather  than  the  current,  and  the  necessary  alterations  were  made 
in  the  apparatus  to  enable  us  to  regulate  on  the  voltage  between 
phases  and  ground.  With  this  change  the  automatic  control 
proved  highly  satisfactory,  holding  the  load  constant  under  all 
conditions  met  with  in  operation  with  very  little  attention  on  the 
part  of  the  operator. 

The  weighing  and  mixing  division  is  so  arranged  that  four 
operators  can,  in  one  shift,  weigh  and  mix  sufficient  charge  to 
keep  five  furnaces  in  operation  for  24  hours.  This  would  hardly 
be  feasible  were  the  plant  treating  a  large  variety  of  ores,  but 
given  a  constant  supply  of  ore  of  a  uniform  grade,  little  or  no 
difficulty  has  been  experienced.  The  mixed  charge  is  delivered  by 
belt  conveyors  to  the  mixed  charge  bin  whence  it  is  taken 
in  boats  by  the  crane  and  dumped  into  charge  hoppers  at  the 
furnaces. 

The  charge  consists  of  ore,  lime-rock,  coal,  coke  and  iron  ore. 
The  only  manganese  ore  treated  at  Great  Falls  is  the  Butte  rhodo- 
chrosite  ore  from  the  Emma  Mine.  The  charge  treated  was  as 
follows : 

Ore    500  lb.  (227  kg.) 

Lime-rock    90  "  (41     "  ) 

Coal 100  "  (  45    "  ) 

Coke 50  "  (23     "  ) 

Iron  Ore    12  "  (     5.5  "  ) 

When  the  furnaces  were  first  started,  coal  only  was  used  as  a 
reducing  agent.    We  soon  found,  however,  that  owing  to  the  fact 
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that  the  rhodochrosite  decrepitates  when  heated,  this  gave  us  too 
compact  a  charge.  Primarily  to  do  away  with  this  difficulty,  we 
substituted  for  a  part  of  the  coal  an  equivalent  amount  of  blast- 
furnace coke  based,  of  course,  on  the  relative  fixed  carbon  content 
of  the  two  materials.  With  this  change  the  furnace  operated  very 
smoothly,  with  only  occasional  boils.  Coke  alone  was  tried,  but 
with  this  we  could  not  keep  the  electrodes  down  in  the  charge. 
The  proportions  of  coal  and  coke  indicated  above  were  finally  de- 
termined upon  as  being  the  best  under  our  conditions. 

The  furnaces  are  tapped  at  intervals  of  about  1^  hours.  The 
slag  and  metal  run  into  ladles,  the  slag  is  skimmed  into  the  slag 
sluice  and  the  metal  cast  by  machine. 

The  plant  was  operated  for  such  a  short  time  and  under  such 
adverse  conditions  that  it  is  impossible  to  give  accurate  metallur- 
gical results.  The  results  were  on  the  whole,  however,  satisfac- 
tory. The  loss  by  volatilization  was  not  over  15  percent,  and  the 
recovery  of  manganese  in  metal  between  75  and  80  percent. 

Electric  Furnace  Test  on  Montana  Ores. 

Materials:  The  ore  used  in  the  test  about  to  be  described  con- 
sisted of  a  half-and-half  mixture  of  ores  from  the  Philipsburg 
and  Butte  districts.  This  material  was  very  carefully  bedded, 
sampled  and  analyzed.  The  analysis  of  the  mixture  gave  results 
as  follows : 

Percent 

Moisture    5.03 

MnOs  23.92 

MnO    26.37 

FeO    1.14 

Fe.O.  1.40 

SiO.  13.48 

AI.O3  1.95 

CaO   0.00 

BaO   0.03 

MgO    1.15 

C0=    16.67 

Combined  HiO  6.43 

Undetermined   2.43 

100.00 
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Coal  was  used  as  a  reducing  agent.  This  coal  was  of  the 
following  analysis : 

Percent 

H2O  7.82 

Fixed  carbon    54.43 

Volatile  combustible   matter 31.73 

FeS,  1.84 

SiOj   2.44 

AUO3  0.73 

MgO    0.34 

Undetermined 0.67 

100.00 

As  flux,  a  very  pure  marble  was  employed.  This  contained  55.0 
percent  CaO  and  43.2  percent  COo. 

It  was  necessary  to  add  iron  in  order  to  make  70  percent  ferro- 
manganese.  The  iron  was  added  in  the  form  of  turnings,  which 
were  not  analyzed,  but  which,  for  the  purpose  of  the  test,  we 
assumed  to  contain  100  percent  iron. 

The  Furnace:  The  furnace  upon  which  this  test  was  conducted 
was  of  the  rectangular  open-top  type.  It  consisted  of  a  steel  shell 
18  ft.  X  9  ft.  X  6  ft.  8  in.  (5.4  x  2.7  x  1.9  m.)  outside  dimensions, 
with  carbon  lining  approximately  30  inches  (75  cm.)  thick  at  the 
bottom  of  the  crucible  and  18  inches  (45  cm.)  on  the  side  walls. 
The  transformer  equipment  consisted  of  three  single-phase  Pitts- 
burgh transformers,  each  rated  at  667  K.  V.  A.  and  connected 
A/ A.  These  transformers  were  provided  with  taps  for  65,  75 
and  85  volts,  and  during  the  test  were  operated  at  no-load  voltage 
of  75  volts.  Three  24-inch  (60  cm.)  round  amorphous-carbon 
electrodes  were  used  in  water-cooled  top  holders.  Motor-operated 
winches  served  to  move  electrodes  up  and  down,  but  the  furnace 
was  not  provided  with  automatic  regulators.  The  furnace  was 
tapped  at  intervals  of  about  1^4  hours.  The  slag  and  metal  were 
allowed  to  flow  together  into  sand  pits,  where  they  solidified  and 
were  then  removed  to  the  yard,  where  the  slag  was  separated  and 
metal  weighed  and  loaded  into  cars  for  shipment. 

The  Charge:  The  furnace  charge  was  varied  slightly  from 
time  to  time  during  the  test,  but  was  substantially  as  follows : 

Ore   500  lb.   (223  kg.) 

Coal  150  "     (68    "  ) 

Lime-rock    90  "     (41     "  ) 

Turnings  30  "     (14    "  ) 
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This  charge  gave  us  metal  containing  70.9  percent  manganese. 
The  coal  is,  however,  too  high  and  the  lime-rock  too  low  for  best 
results.  A  method  for  calculating  the  charge  will  be  given 
later  on. 

Balance  Sheet:  The  furnace  was  operated  on  the  above  charge 
for  a  period  of  274  hours,  during  which  time  a  total  of  501,000 
pounds  (227,700  kg.)  of  the  ore  mixture  was  smelted,  yielding 
186,419  pounds  (84,730  kg.)  of  metal  containing  70.9  percent 
manganese.  The  slag  from  the  furnace  was  kept  separate  from 
the  slag  resulting  from  other  furnace  operations,  and  was  weighed, 
sampled,  and  analyzed.    The  complete  balance  sheet  follows : 


Charge 

Metal 

Slag 

Gases 

Ore,  501,000  Lb. 
Mn        178,096 

132.171 

8,831 

15,286 

1,270 
'  9,i35 

19,540 

4,482 

16,2  is 

8,342 

925 

4,313 

20,588 

47,162 

■"659 

41,443 

Fe               8,831 

c;    ....  31,501 

Al^Os       "    9,790 

BaO  150 

MgO  •    5,753 

ca  83,517 

H,6           57,415 

83,517 
57,415 

Comb.  0. 115,673 

Flux,  91,100 

CaO 50,105 

CO.   39,355 

Coal,  147,890 

Fe         1,270 

Si  ! 1,688 

AI2O3       1,088 

95,085 
39,355 
'  "1,629 

MgO  257 

Fixed  C 80,495 

V.  C.  M 46,926 

HjO          11,567 

7V,366 
46,926 
11,567 

Iron  Turnings,  29,796 
Fe    '. 29,796 

10,256 

Totals  769,786 

186,233 

102,686 

457,953 

Metal  and  slag  represent  actual  analyses. 

2.97  percent  only  unaccounted  for  by  balance  sheet. 
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The  analyses  of  metal  and  slag  were  as  follows : 

Slag  Percent  Metal  Percent 

Mn  4.26  Mn   70.9 

SiO.  34,37  Fe  15.9 

Ah03    7.93  Si    8.2 

CaO   44.83  C  4.9 

MgO    4.10  

BaO   0.88  99.9 

96.37 

Ratio  ore  to  metal 2.68 

Percent  total  manganese  in  metal 74.21 

Percent  total  manganese  in  slag 2.51 

Percent  total  manganese  in  gases 23.28 

Percent  of  charge  accounted  for  in  metal 24.22 

Percent  of  charge  accounted  for  in  slag 13.67 

Percent  of  charge  accounted  for  in  gases 62.11 

Pounds  slag  per  ton  of  metal 1,129      (    513  kg.) 

Pounds  gas  per  ton  of  metal 5,130      (2,330     "  ) 

Pounds  electrode  per  ton  of  metal 150     (      68     "  ) 

K.  W.  hours  per  ton  of  metal 4,879 

Calculation  of  Theoretical  Power  Requirement. 

From  our  balance  sheet  it  is  possible  to  compute  a  heat  balance 
of  the  furnace.    In  so  doing  we  shall  assume 

1.  That  the  slag  and  metal  contain  at  tapping  600  and  400 
calories  of  heat  respectively. 

2.  That  the  gases  escape  from  the  furnace  at  a  temperature  of 
300°  C. 

The  heat  available  is  principally  the  heat  of  oxidation  of  the 
carbon,  plus  that  furnished  by  the  electrical  energy  used.  The 
charge  gives  up  to  the  carbon,  as  shown  by  the  balance  sheet, 
95,085  pounds  of  oxygen.  The  71,360  pounds  of  carbon  burned 
would  require  71,360  x  16/12  =  95,147  pounds  of  oxygen  to  burn 
to  CO,  or  practically  all  of  the  carbon  is  burned  to  CO.  Carbon 
monoxide  is  capable  of  reducing  manganese  dioxide  to  the  mon- 
oxide, and  it  appears  probable  that  a  certain  amount  of  reduction 
takes  place  in  this  manner.  The  balance  of  the  carbon  monoxide 
escapes  as  such  and  burns  at  the  top  of  the  charge. 

The  heat  of  formation  of  the  slag  will  be  taken  as  150  calories 
per  pound  of  contained  SiO,  and  AUOg.  The  heat  of  combustion 
of  carbon  with  manganese  is  about  825  calories  per  pound  of  car- 


342  E-  S.  BARDWELL. 

bon  combined,  while  the  heat  of  formation  of  manganese  silicide 
is  1693  calories  per  pound  of  silicon  combined. 


HEAT  AVAILABLE 

Calories 

Supplied  by  electric  current  x 

Oxidation   of   C   to   CO           =  71,360  x  2,430  =  173,404,800 

Formation  of  silicate  slag        =  44,500  x      150  =:  6,675,000 

Formation  of  AIn,  C                =     9,135  x     825  =  7,536.375 

Formation  of  Mn^  Si^              =  15,286  x  1,693  =  25,879,198 


213,495.373 


HEAT  DISTRIBUTION 

Calories 

Reduction  of  Mn  from  MnOs       76,656  x  2,278  =  174,622,368 

Reduction  of  Mn  from  MnO       96.969  x  1,653  =  160.289,757 

Reduction  of  Fe  from  FeO            4,409  x  1,173  =  5,171,757 

Reduction  of   Fe  from  Fe.Oa         5.692  x  1,746  =  9,938,232 

Reduction  of  Si  from  SiO^          15.286  x  7.000  =  107,002,000 

Calcination  of  CaCO,  &  MnCOs  122,872  x  1,026  =  126,066,672 

Distillation  of  volatile  from  coal  46.926  x  800*=  37,540,800 

Expulsion   of    moisture                  68,982  x  600  =  41,389,200 

•  Assumed. 

Sensible  Heat  In  Gases  at  300° . 

CO     166,445  lb. 

COa    122,872  lb. 

H2O   68,982  lb. 

Vol.  from  coal  46,926  lb. 

Vol.    manganese,    etc 42,472  lb. 


Kg.  Cal. 

= 

60.000 

M' 

X  0.311 

=  18,660 

z= 

28,148 

M^" 

x  0.436 

=  12,273 

= 

38,630 

M^ 

X  0.34 

=  13,134 

z= 

21.285 

M" 

X  0.311 

=     6,620 

= 

4,816 

M 

X  0.8 

=     3,863 

54,550  X  300  =  16,365,000  Kg.  Cal. 

Sensible  heat  in  gases  lb.  cal 36,003,000 

Sensible  heat  in  slag  105,201  x  600 63,120,600 

Sensible  heat  in  metal  186,419  x  400 74,567,600 


54,550 


Total   heat    energy    required 835,711,986 

213,495,373  -\-  x  =  835,711,986   lb.  cal. 
X  =  622,216.613   lb.  cal. 

1  K.  W.  hr.  =   1,897  lb.  cal. 

hence  required  electrical  energy,  no  allowance  being  made   for 
radiation,  is  328,000  K.  W.  hr. 

During   the    test    there    were    produced    93.2    tons    of    ferro- 
manganese.     The  theoretically  required  power  is  therefore 

328,000 

=  3,520  K.  W.  hr.,  or  say  3,500  K.  W.  hr.  per  short  ton. 

93.2 
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Percentage  Heat  Distribution.  Percent  Total 

Heat  Required 

Reduction  of  manganese    40.1 

Reduction   of    iron 1.8 

Reduction  of   silicon 12.8 

Calcination  of  CaCO:>  and  Mn  CO3 15.1 

Distillation  of  volatile  from  coal 4.5 

Expulsion  of  moisture 4.9 

Sensible  heat  in  gases 4.3 

Sensible  heat  in  slag  7.6 

Sensible  heat  in  metal   8.9 

100.0 

From  the  above  it  would  at  first  appear  that  considerable  saving 
might  be  eflFected  by  calcining  the  ore  and  lime-rock  previous  to 
charging  the  same  into  the  furnace.  This  assumption,  hov^ever, 
does  not  seem  to  be  borne  out  in  practice.  The  greater  part  of  the 
work  of  calcination  is  brought  about  in  the  upper  part  of  the 
charge  column,  utilizing  heat  which  would  otherwise  be  lost. 
Some  economy  of  operation  should,  however,  result,  and  the 
practicability  of  the  operation  should  be  carefully  investigated. 

From  the  above  computation  we  are  enabled  to  compute  the  heat 
efficiency  of  the  furnace  tested  to  have  been  71.7  percent.  This 
figure  is  very  good  for  a  furnace  of  the  size  upon  which  the  test 
was  conducted. 

The  heat  loss  is  due,  of  course,  in  part  to  radiation  of  heat  from 
the  furnace  itself  and  in  part  to  PR  losses.  A  test  carried  out  on 
a  similar  furnace  showed  40  percent  of  the  heat  loss  to  be  due  to 
radiation  and  60  percent  to  the  PR  losses.  Of  this  60  percent  the 
following  distribution  may  be  made : 

Percent 

Transformers    17.5 

Conductors    30.0 

Electrodes    15.0 

Contacts   37.5 

Total    100.0 

The  above  analysis  gives  us,  I  think,  a  very  comprehensive  idea 
of  the  heat  requirements  of  an  electric  furnace  producing  ferro- 
manganese.  Due  to  lack  of  accurate  data  certain  assumptions 
had  to  be  made  in  computing  the  theoretically  required  power,  but 
the  result  obtained  is  sufficiently  accurate  for  all  practical  purposes. 

Slags:  In  studying  electric  furnaces  producing  ferro-manga- 
nese  my  attention  was  called  to  the  great  variety  of  slags  produced. 
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It  seemed  worth  while  to  investigate  the  question  of  slags  with  the 

idea  in  mind  of  seeing  whether  or  not  means  could  be  found  to 

calculate  a  charge  which  would  give  us  a  slag  of  low  manganese 

content.     From  a  considerable  number  of  samples,  eight  typical 

slags  were  selected  and  carefully  analyzed. 

1.     A  hard  gray  slag  containing  ferro-manganese  inclusions. 
A  medium  green  hard  slag  with  few  if  any  metal  inclusions. 
A  dark  green  hard  slag  with  little  in  the  way  of  inclusions. 
A  high-lime  air-slaking  slag. 
A  high-lime  air-slaking  slag. 
No.  6.    A  light-grey  glassy  slag.  ' 

A  light-green  hard  slag. 
A  light  pea-green  hard  slag. 

Analyses  of  Slag  Samples. 


2. 


No 
No 
No.  3. 
No.  4. 
No.  5. 
No.  6. 
No.  7. 
No.  8. 


1 

2 

3 

4 

5 

6 

7 

8 

SiOj   

28.2 
1.2 
17.3 
41.4 
7.6 
0.4 
2.1 

31.5 
0.7 
8.0 

35.7 
1.8 
1.3 

14.5 

26.6 
1.0 
9.6 

31.1 
1.1 
4.8 

19.9 

34.4 
0.1 
7.7 

42.2 
1.8 
1.1 
8.1 

22.4 
0.1 
6.8 

46.8 
4.0 
0.2 
5.3 

30.9 

1.1 

10.0 

37.8 

10.2 

0.2 

4.7 

31.9 

1.3 

10.1 

35.3 

10.4 

0.3 

5.8 

32  9 

FeO    

AL.O3  

0.8 
87 

CaO   

MgO 

36.0 
2.1 

BaO  

Mn  

1.2 
12  2 

Total    

98.2 

93.5 

94.1 

95.4 

85.6 

94.9 

95.1 

93.9 

It  will  be  noted  that  in  this  collection  of  slags  we  have  two 
types  only  as  regards  their  physical  condition ;  i.  e.,  hard  slags  and 
air-slaking  slags.  The  reason  for  the  slags  air-slaking  is  that 
the  composition  is  such  that  calcium  ortho-silicate,  2CaO.Si02, 
separated  as  one  of  the  phases.  The  ortho-silicate  crystallizes  in 
three  distinct  forms,  the  alpha-iovm,  stable  above  1410°  C.  to  the 
melting  point,  the  beta-iorm,  stable  between  675°  and  1410°,  and 
the  gamma-iorm,  stable  below  675°  C.  The  transformation  of  the 
&^to-orthosilicate  into  the  gamma-form  is  accompanied  by  a  10 
percent  volume  increase.  It  is  this  volume  increase,  therefore, 
that  accounts  for  what  I  have  termed  the  air-slaking  of  slags 
4  and  5.  The  presence  of  much  magnesia  in  the  slag  tends  to 
prevent  this  latter  transformation. 

Manganese  occurs  in  the  slags  in  three  ways :  First,  as  ferro- 
manganese  inclusions ;  second,  as  manganese  silicate ;  and  third,  as 
manganates  or  manganites  of  calcium  or  in  some  cases  as  oxides  of 
manganese  in  solution  in  the  slag.    Any  slag  that  is  insufficiently 
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Huid  will  contain  more  or  less  in  the  way  of  ferro-manganese 
inclusions.  Lack  of  sufficient  carbon  to  reduce  the  manganese 
will,  of  course,  promote  the  formation  of  manganates  and  manga- 
nites.  Excess  silica  seems  to  tend  to  form  silicates  even  when 
sufficient  carbon  is  at  hand  to  reduce  all  of  the  oxides  of  manga- 
nese to  the  metal. 

A  green  slag  is  evidence  of  lack  of  sufficient  carbon  to  carry 
out  the  reduction  of  the  manganese  oxide.  The  depth  of  color  is 
an  indication  of  the  amount  of  manganese  present.  When  there 
is  an  excess  of  silica  present,  slags  are  sometimes  pink  due  to  the 
presence  of  manganese  silicate. 

An  excess  of  reducing  agent  tends  to  the  formation  of  calcium 
carbide  and  graphite  accretions  in  the  furnace.  This  may  in  some 
cases  be  carried  so  far  as  to  leave  an  excess  of  silica  and  promote 
the  formation  of  manganese  silicates  in  the  slag;  in  any  event, 
there  is  a  waste  of  power  and  the  accretions  interfere  with  opera- 
tions, rendering  it  necessary  to  shut  down  and  dig  out  the  fur- 
nace at  frequent  intervals.  The  best  slags  seem  to  have  a  com- 
position of  about  30  percent  silica,  15  percent  alumina  and  50 
percent  lime  plus  magnesia,  or  better,  should  have  an  oxygen  ratio, 
alumina  being  counted  as  base,  of  between  1.25  and  1.50.  A  slag 
of  this  composition  is  easily  fusible,  separates  well  from  the  metal 
and  is  economical  to  make. 

Volatilisation  Losses:  Under  volatilization  in  the  balance  sheet 
has  been  included  losses  by  dusting.  In  the  electric  furnace  losses 
by  dusting  should  not  be  large.  Some  loss  by  dusting  is  caused 
by  occasional  blows  and  boils  occurring  during  periods  of  irregular 
operation.  That  the  greater  part  of  the  manganese  lost  except  for 
that  contained  in  the  slag  is  volatilized  in  some  manner  is  very 
evident.  In  just  what  form  or  forms  the  manganese  is  volatilized 
I  do  not  know,  nor  have  I  ever  seen  a  satisfactory  explanation  of 
the  phenomenon.  It  is  usually  considered  that  the  manganese  is 
volatilized  as  the  metal,  which,  escaping  from  the  furnace,  burns 
at  the  surface  of  the  charge  to  the  oxide.  The  presence  of  brown- 
ish fumes  in  the  gases  escaping  from  the  furnace  would  readily 
lead  one  to  this  conclusion.  On  the  other  hand,  I  have  observed 
furnaces  running  with  a  comparatively  cool  top  when  there  was  no 
evidence  of  these  brownish  fumes,  but  which  were  still  volatilizing 
a  considerable  amount  of  manganese. 
23 
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In  the  case  of  a  furnace  volatilizing  considerable  amounts  of 
manganese,  I  have  observed  that  considerable  amounts  of  iron,  in 
fact  based  on  the  relative  proportions  of  iron  and  manganese  in 
the  charge,  more  iron  than  manganese  is  volatilized. 

An  attempt  to  reduce  the  manganese  content  of  the  slag  by 
using  more  carbon  is  accompanied  in  most  instances  by  an  in- 
creased volatilization  loss. 

In  order  that  we  may  learn  how  to  minimize  our  volatilization 
losses,  it  is  important  that  we  should  know  in  what  manner  man- 
ganese is  volatilized. 

Excessive  volatilization  will  occur  inevitably  in  a  furnace  im- 
properly designed  as  regards  heat  distribution.  A  furnace  must 
be  properly  proportioned  with  reference  to  the  power  input  in 
order  to  operate  efficiently.  Given  such  a  furnace,  however,  we 
often  find  that  the  volatilization  losses  vary  widely  from  time  to 
time.  The  theory  has  been  advanced  that  manganese  and  iron  are 
volatilized  as  carbonyls,  which  in  the  hot-top  furnace  burn  to  the 
oxides  of  the  respective  metals  and  carbon  dioxide  and  in  the  case 
of  furnaces  operating  with  a  cooler  top  may  pass  off  as  gases 
unnoticed.  This  fits  in  very  nicely  with  my  observations  with 
reference  to  addition  of  carbon,  and  its  effect  on  increased  vola- 
tilization. The  formation  of  carbonyls,  if  such  exist,  may  be  due 
to  the  formation  of  carbides  of  iron  and  manganese,  which  in  turn 
react  with  the  metallic  oxides  present,  reducing  them  and  at  the 
same  time  setting  free  carbonyls. 

As  in  many  cases,  the  slags  produced  by  the  electric  manga- 
nese furnace  have  a  distinct  fluxing  value.  It  might  be  well  to 
throw  more  manganese  into  slag  by  cutting  the  carbon  on  the 
charge,  provided  the  combined  loss  in  manganese  is  not  increased 
thereby. 

Calculation  of  Charge:  The  charge  will  be  calculated  on  the 
following  basis : 

1.  We  shall  assume  that  the  metal  is  to  contain  70  percent 
manganese,  5  percent  carbon,  5  percent  silicon  and  20  percent 
iron. 

2.  The  charge  will  be  calculated  on  the  basis  of  100  pounds  of 
ore. 

3.  In  proportioning  the  amount  of  reducing  agent  required,  we 
shall  assume  that  the  fixed  carbon  only  is  available  for  bringing 
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about  the  reduction  of  the  several  metals.  As  has  been  pointed 
out,  this  is  not  a  correct  assumption,  as  some  reduction  is  very 
evidently  effected  by  the  carbon  monoxide  gases  and  possibly  the 
volatile  hydrocarbons.  It  gives  us,  however,  a  starting  point,  and 
in  the  absence  of  complete  data  as  to  the  reducing  power  of  the 
fuel  used,  enables  us  to  calculate  the  charge. 

4.  The  magnesia  will  be  calculated  to  2]\IgO.SiO.,  alumina 
to  ALO,.3Ca0.2SiOo  and  the  balance  of  the  silica  to  2CaO.Si02. 

5.  Sufficient  iron  will  be  added  to  give  70  percent  metal  con- 
taining 20  percent  iron,  assuming  80  percent  of  the  manganese  to 
enter  the  metal. 

Carbon  Requirement. 

23.92  X  24 
C  to  reduce  Mn02  to  Mn    — ^-g^ =  6.60 

26.37  X  12 
C  to  reduce  MnO  to  Mn  ^j =  4.46 

1.14  X  12 
C  to  reduce  FeO  to  Fe       f^ -  ^-^^ 

1.40  X  36    _      ^, 
C  to  reduce  Fe^Os  to  Fe     jTq —  0.31 

C  to  reduce  SiOi  to  Si         Tq =  1.73 

C  to  supply  metal  =:  2.02 

15.31 
We  shall,  therefore,  require    „  cAA-i    =  28.1  units  of  coal  per 

100  units  of  ore. 

In  the  ore  and  coal  we  shall  have  to  flux,  after  allowing  for  the 
4.34  units  of  siHca  which  is  reduced  and  which  enters  the  metal, 

9.82  units  SiO= 
2.15  "  Ah03 
1.24  "  MgO 
0.03      "    BaO 

Now  figuring  MgO  to  2MgO.Si02  we  get 

1  24  X 140 

on        ^  2.17  2MgO.SiO,. 
oU 

Al^O,  to  AU03.3Ca0.2Si02. 

^^K)2"^'^  8.18  AU03.3Ca0.2Si02. 
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6.31  units  of  SiOo  remains  to  be  fluxed.  Calculating  to  2CaO. 
SiOa  we  have 

6.31  X  172  ^  ^g^  2CaO.SiO,. 
60 
Total  lime  required  =:  15.24  units,  or  marble  on  charge  would  be 

IS  24 

Q^g     ^  27.7  lb.  per  100  lb.  ore. 

We  have  in  slag 

Theoretical  Analysis 
Percent 

9.82  units  SiOj   34.4 

2.15      "    AUO3    7.6 

1.24      "    MgO  4.4 

0.03      "    BaO    0.1 

15.24      "    CaO    53.5 

2848  100.0 

Assuming  80  percent  recovery  of  manganese,  the  iron  required 
would  be  6  lb.  per  100  lb.  ore. 

Our  charge,  based  on  500  lb.  of  ore,  would  then  stand 

Ore  500  lb.  (227  kg.) 

Coal  140   "    (  64    "  ) 

Lime-rock    140    "     (64    "  ) 

Turnings  30    "    (  14    "  ) 

If  no  special  attempt  is  made  to  keep  the  silicon  down  to  5 
percent,  the  lime  can  be  cut  to  a  considerable  extent,  depending 
upon  the  amount  of  silicon  permissible  in  the  metal.  If  low  silicon 
metal  is  desired  the  coal  may  be  cut,  leaving  the  lime-rock  as 
above.  The  coal  may  in  any  event  be  reduced  somewhat,  as  has 
been  pointed  out  previously,  but  this  should  be  done  a  little  at  a 
time,  and  the  furnace  watched  carefully.  At  least  24  hours  should 
be  allowed  to  elapse  between  such  changes.  The  calculation  of 
the  charge  can  at  best  only  serve  as  a  guide.  Much  depends  upon 
the  characteristics  of  the  furnace  that  is  being  operated.  The 
operator  must  watch  his  furnace  and  vary  the  charge  from  time 
to  time  to  suit  operating  conditions. 
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DISCUSSION. 

J.  W.  Richards^  :  In  the  thermal  balance  sheet  of  the  fur- 
nace, account  is  not  taken  of  the  volatilization  of  the  manganese, 
and  it  is  evident  from  the  material  balance  sheet  that  a  large 
amount  of  manganese  was  volatilized.  I  have  calculated  that  it 
would  represent  about  3  percent  of  the  energy  of  the  current 
used  in  making  the  ferro-manganese.  I  would  like  to  criticize 
the  way  in  which  the  percentage  of  heat  distribution  is  given  on 
page  343.  The  distribution  of  electric  energy  is  there  given 
under  about  nine  different  heads,  but  that  leaves  out  of  account 
the  volatilization  of  the  manganese,  also  radiation  and  convection 
losses,  and  losses  by  conduction  to  the  electrodes.  One  hundred 
percent  ought  to  represent  all  the  electric  power  used  on  the  fur- 
nace, and  also  all  the  nine  items  into  which  we  can  divide  the 
distribution  of  heat.  Expressing  as  100  percent  the  energy 
applied  to  the  furnace,  we  would  then  have  30  percent  of  it 
used  in  the  reduction  of  the  manganese  ore  (instead  of  40  per- 
cent) and  so  on  correspondingly  with  each  of  the  first  nine  items. 
The  table  ought  to  be  thus  revised  to  make  it  conform  with  the 
usual  way  of  expressing  the  thermal  balance  sheet  of  the  electric 
furnace. 

On  the  next  page  an  analysis  of  the  slag  samples  is  given  and 
the  percentage  of  manganese  in  them.  I  wish  to  call  attention 
to  the  fact  that  the  loss  of  manganese  in  the  slag  does  not  appear 
to  be  dependent  on  the  percentage  of  the  silica  in  the  slags,  nor  to 
vary  with  the  percentage  of  lime,  so  that  neither  the  silica  nor 
the  lime  determines  the  percent  of  manganese  in  the  slag,  but  it 
is  to  be  observed  that  the  slags  which  contain  the  lower  percent 
of  manganese  contain  the  higher  percent  of  magnesia,  and  the 
four  which  contain  the  highest  manganese  contain  the  lowest 
magnesia.  The  four  highest  contain  13.8  percent,  of  manganese 
and  1.7  percent,  of  magnesia;  it  is  therefore  apparently  true  that 
by  carrying  high  magnesia  the  percent,  of  manganese  in  the 
slags  is  reduced.  There  is,  however,  a  still  closer  coincidence, 
viz.,  that  between  the  total  percentage  of  alumina,  lime  and  mag- 
nesia in  the  slag  and  the  total  percent  of  manganese ;  that  slag 

*  Prof,  of  Metallurgy,  Lehigh  University,   Bethlehem,  Pa. 
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which  has  the  highest  percent  of  akimina,  Hme  and  magnesia  has 
the  lowest  percent  of  manganese.  All  the  slags  arrange  them- 
selves without  a  break  uninterruptedly  in  an  inverse  series ;  with 
the  percentage  of  alumina,  lime  and  magnesia  from  66  to  41.8, 
the  percentage  of  manganese  in  the  slag  runs  uniformly  from 
2  up  to  19.  This  gives  the  key  to  controlling  the  manganese 
in  the  slag,  vis.,  by  varying  the  total  percentage  of  alumina,  lime 
and  magnesia. 


.1  fn/'er  presented  at  the  Thirty-eighth 
General  Meeting  of  the  American  Elec- 
trochemical Society,  in  Cleveland,  Sep- 
tember 30,  1920,  President  Landis  in  the 
Chair. 


THE  SODERBERG  ELECTRODE:    FIRST  AMERICAN 
INSTALLATION.! 

By  J.  W.   Richards.' 

Abstract. 

[Description  of  a  three-phase  installation  of  Soderberg  con- 
tinuous, self -baking  electrodes,  32  inches  (80  cm.)  in  diameter, 
in  operation  at  Anniston,  Ala.,  since  July  2,  making  ferro-man- 
ganese.  The  furnace  is  1800  K.W.,  and  the  operation  is  per- 
fectly continuous  as  far  as  the  electrodes  are  concerned.] 


"Elektrokemisk  Industri"  of  Christiania,  Norway,  has  made 
the  first  installation  of  this  electrode  in  America,  at  the  plant  of 
the  Southern  Manganese  Corporation  at  Anniston,  Alabama.  A 
description  of  the  Soderberg  electrode,  which  is  continuous  and 
self -baking,  was  read  by  the  present  writer  at  the  Boston  meeting 
of  this  Society,  and  is  published  in  its  Transactions.^  The  elec- 
trode therein  described  was  a  34-inch  (85  cm.)  electrode,  seen 
by  the  author  in  Norway,  in  the  summer  of  1919,  where  it  was 
continuously  operated  in  a  ferro-silicon  furnace  from  early  in 
July  until  late  in  December,  when  it  was  shut  down  two  days  to 
give  the  workmen  a  Christmas  holiday,  and  is  still  in  operation. 
The  furnace  there  operated  had  only  one  single-phase  electrode, 
with  bottom  electrode  in  the  hearth  of  the  furnace  to  carry  off 
the  current. 

;Mr.  Theodore  Swann,  president  of  the  Southern  Manganese 
Corporation,  has  recognized  the  great  possibilities  of  this  elec- 

'  Manuscript   received   July   23,    1920. 
*  Professor    of    Metallurgy,    Lehigh    University. 
2  Trans.  Am.   Electrochemical   Society   (1920),  37,    169. 
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trode,  and  has  become  the  pioneer  of  its  introduction  into  Amer- 
ica. Other  electric  furnace  plants  will  undoubtedly  quickly  follow 
his  lead,  as  soon  as  their  managers  realize  the  great  advance 
which  it  marks  in  electric  furnace  operation. 

THE    FURNACE. 

The  furnace  on  which  this  installation  is  made  is  an  open-top 
furnace  of  the  usual  ferro-alloy  type.  The  working  space  is  12 
by  20  feet  (3.6  x  6  m.),  elliptical  in  shape,  and  is  normally  run 


Fig.   1.     Furnace  empty,  ready  to  run. 


by  three  electrodes,  each  consisting  of  two  20  by  20  inch  (50  x 
50  cm.)  baked  electrodes,  with  top  holders,  in  order  to  do  away 
with  screw  connections.  Such  a  furnace  takes  normally  1800 
K.W.,  the  three  electrodes  being  on  three-phase  current,  and 
spaced  in  line  in  the  furnace.  Slag  and  metal  are  tapped  in  the 
usual  way.  Primary  current  is  received  at  44,000  volts,  60  cycles, 
and  is  transformed  in  a  three-phase  General  Electric  Co.  trans- 
former to  68  volts,  in  delta  connection  on  the  low-tension  side. 
The  conducting  cables,  attached  to  the  bus-bars  passing  through 
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the  wall  of  the  transformer  house,  are  connected  then  to  4-inch 
(10  cm.)  water-cooled  copper  pipes,  which  carry  the  current  over 
the  furnace  to  the  holders.     (See  Fig.  1.) 

THE  ELECTRODES. 

The  three  electrodes  are  each  32  in.  (80  cm.)  in  diameter,  and 
extend  from  the  furnace  up  into  the  tamping  house,  which  is 
12  ft.  (3.6  m.)  above  the  charging  floor.  The  total  length,  when 
a  new  section  has  just  been  added  to  the  top,  is  24  ft.  (7.2  m.), 
and  the  weight,  exclusive  of  the  holder,  about  13,200  lb.  (6000 
kg.)  per  electrode. 

The  casing  is  formed  of  No.  18  sheet  iron  (1.05  mm.),  riveted 
together  to  the  correct  diameter,  and  provided  with  inwardly 
directed  partitions,  as  previously  described.  One  section  46  in. 
(115  cm.)  long  weighs  approximately  110  lb.  (50  kg.),  or  2.4  lb. 
per  inch  (0.44  kg.  per  cm.).  Since  the  baked  electrode  mixture 
has  a  specific  gravity  of  1.5  and  weighs  43  lb.  per  running  inch 
(7.8  kg.  per  cm.  of  electrode)  the  iron  weighs  approximately  5.6 
percent  of  the  weight  of  the  carbon  electrode  which  it  encloses, 
or  18  parts  of  carbon  per  1  part  of  iron.  Welding  one  section 
of  casing  into  place  takes  1  welder  and  1  helper  four  hours. 
Tamping  in  of  about  2000  lb.  (900  kg.)  of  electrode  mix,  with 
pneumatic  rammers,  takes  2  men  four  hours,  with  one  helper  to 
carry  mixture.  A  new  section  may  be  required  per  electrode 
every  five  to  fifteen  days,  according  to  the  nature  of  the  ore  being 
reduced  in  the  furnace  and  the  current  taken  by  the  electrode. 
In  the  straight-line  three-phase  arrangement,  it  is  almost  impos- 
sible to  get  each  electrode  to  take  the  same  current,  so  the  con- 
sumption will  be  somewhat  different  on  each  electrode. 

Holders  and  electrodes  are  suspended  by  wire  cables  controlled 
by  hand  in  the  controller  house  at  the  side  of  the  furnace.  (See 
Fig.  1.) 

Dust-shields.  Furnace  dust  is  sure  to  settle  on  the  electrode 
casing  close  to  the  furnace,  and  interferes  with  making  good 
contact  with  the  holder  when  the  latter  is  raised.  In  the  Nor- 
wegian furnace  previously  described,  this  was  met  by  using  a 
blast  of  compressed  air  to  clean  off  the  casing  just  above  the 
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holder,  immediately  before  raising  the  latter,  and  thus  get  a  better 
contact.  At  the  Anniston  furnace  this  is  obviated  by  providing 
a  shield  of  heavy  sheet  iron  which  is  attached  to  the  upper  part 
of  the  holder  and  encloses  the  electrode  proper  up  into  the  dust- 
proof  tamping  house.     This  is  permanently  in  place,  effectually 


Fig.  2.     Showing  general  structure,   with  tamping  house  above. 


prevents  dust  from  settling  on  the  casing,  and  thus  insures  good 
contact  for  the  holder  when  it  is  raised  further  up  on  the  electrode. 

Holders.  While  the  design  of  these  is  immaterial  to  the  func- 
tioning of  the  electrode,  per  se,  yet  the  new  holder  constructed  by 
engineers  of  the  Norwegian  company  "Elektrokemisk  Industri" 
is  simple,  rugged  and  effective.  It  is  of  the  slip  type  and  water- 
cooled.     (See  Fig.  3.)     The  screws  are  set  by  using  a  key  with 
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an  insulated  socket,  so  that  the  men  handling  it  on  the  charging 
floor  get  no  ground  currents.  The  virtual  raising  of  the  holder 
thus  effected  is  done  by  three  men  in  about  three  to  four  minutes, 
without  taking  current  oft"  the  furnace.  This  operation  is  done 
for  each  electrode  once  or  twice  a  day,  with  no  interruption  to 
the  running  of  the  furnace. 

Tamping  house.  The  booth  for  lengthening  the  electrodes  is 
situated  above  the  furnace;  at  Anniston  it  is  12  ft.  (3.6  m.) 
above  the  charging  floor  and  extends  11  ft.  (3.3  m.)  higher, 
having  a  clearance  of  8  in.  (20  cm.)  below  the  traveling  crane. 
Because  of  shortage  of  structural  steel  it  was  constructed  of 
wooden  scantling,  covered  with  expanded  metal  and  then  with 
two  inches  of  cement.  Water-cooling  pipes  are  placed  in  the 
floor,  a  passageway  connects  it  with  the  outside  of  the  building, 
and  an  exhaust  fan  keeps  the  air  within  it  clear.  (See  Fig.  2.) 
Working  in  the  tamping  house  is  comfortable,  the  air  being  cooler 
and  fresher  than  in  the  furnace  room. 

WORKING  OF   THE  FURNACE. 

The  ore  used  was  Caucasian  di-oxide  ore  of  high  grade,  56 
percent  manganese,  with  not  sufficient  iron  for  producing  78  per- 
cent ferro-manganese  and  not  sufficient  silica  to  give  a  proper 
slag  volume  in  the  furnace.  Analysis  of  the  ore  showed  4.67  per- 
cent moisture.     The  dried  ore  contained: 

Manganese    56.35  percent         Lime 1.90percent 

Iron  0.80      "  Magnesia 0.84      " 

Silica    5.04      "  Baryta 0.93      " 

Alumina 1.40      " 

Manganese  dioxide    88.34  percent 

Manganese  monoxide   0.65       " 

Iron  turnings  were  added,  and  picked  return  slag  put  back  in 
the  furnace  to  increase  the  slag  volume.  The  ore  was  so  fine  in 
structure  that  it  packed  badly  in  the  furnace,  causing  frequent 
cratering.  It  was  a  difficult  charge  to  work,  requiring  frequent 
stoking.  Another  furnace  in  the  same  plant,  working  the  same 
ore  with  square  baked  electrodes,  had  the  same  difficulties  from 
the  packing  of  the  charge.     Considerable  manganese  was  lost  by 


35^ 


J.  W.  RICHARDS. 


volatilization,  because  of  the  small  volume  of  protecting  slag  on 
the  metal  bath  and  because  of  the  frequent  high-temperature  out- 
bursts of  gases. 

In  19  days'  running,  current  was  off  the  furnace  24  hours  from 


Frc.   3.     Close-up  of  an   electrode  in  action. 


causes  other  than  concerned  the  electrodes  (such  as  lightning 
striking  the  transmission  line,  changing  the  voltage,  trouble  with 
oil  switches,  etc.),  but  was  not  interrupted  one  minute  on  account 
of  the  electrodes.  In  those  19  days  the  total  electrode  consump- 
tion amounted  to  21  ft.  2^^  in.  (6.4  m.)  on  all  three  electrodes, 
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representing  10,600  lb.  of  baked  carbon  electrode  consumed. 
During  the  same  period  723,300  K.W.  hr.  passed  through  the 
furnace.  The  average  carbon  consumption  was  therefore  14.6  lb. 
(6.6  kg.)  per  1000  K.W.  hr.  passing.  This  is  considered  a  better 
method  of  expressing  the  carbon  consumption  than  the  usual 
K.W.  hr.  per  ton  of  product,  since  the  ore  used  was  of  exception- 
ally high  grade,  and  the  carbon  consumption  expressed  per  ton 
of  product  would  seem  unusually  low. 

The  production  of  the  furnace  during  this  period  was  fully 
up  to  standard  for  the  current  used,  and  the  consumption  of  car- 
bon electrode  was  less  than  usual  in  working  such  rich  ore.  The 
labor  required  was  that  usual  for  a  furnace  of  this  capacity. 
There  were  no  abnormalities  of  any  kind  either  in  the  product,  the 
slag,  the  labor  required,  or  superintendence.  On  the  other  hand, 
there  were  no  interruptions  of  current  whatever  on  account  of  the 
electrodes,  no  poor  joints,  no  breakages,  no  stumps,  no  "grave- 
yard" for  discarded  electrodes. 

The  results  of  this  furnace  running  prove  the  following  advan- 
tages for  the  Soderberg  electrodes : 

1.  Absolute  continuity  of  operation,  as  far  as  the  electrodes 
are  concerned. 

2.  Smaller  consumption  of  electrode  carbon  per  given  power 
supplied  to  the  furnace. 

3.  Lower  cost  of  electrode  per  given  power  supplied  to  the 
furnace. 

4.  Lower  power  losses  in  the  electrodes. 

5.  Greater  regularity  of  running  of  the  furnace,  and  there- 
fore less  wear  and  tear  on  the  workmen  and  the  management, 
and  greater  uniformity  of  product. 

In  conclusion  I  wish  to  thank  Dr.  G.  Jebsen,  director  of  "Elec- 
trokemisk  Industri"  for  permission  to  publish  this  description, 
and  Mr.  Westly  and  Mr.  Corneliussen,  engineers  of  the  same 
company,  for  drawings  and  photographs  of  the  plant  which  they 
designed  and  operated  at  Anniston.  These  engineers  are  part  of 
the  research  staff  of  this  company  from  its  experimental  plant 
at  Fiskaa,  Norway,  where  2000  H.  P.  is  utilized  for  experimen- 
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tal  purposes.  Licenses  for  the  operation  of  Soderberg  electrodes 
have  already  been  given  in  Norway,  France,  Germany,  South 
Africa  and  the  United  States. 


DISCUSSION. 


J.  W.  Richards:  I  will  add  a  few  facts  which  will  bring 
the  matter  a  little  more  up  to  date.  During  August,  1920,  in  28 
days,  the  furnace  described  was  shut  down  only  13  minutes  on 
account  of  the  electrodes.  The  consumption  of  carbon  electrode 
during  those  28  days  of  August  was  14.2  pounds  per  1,000  kw. 
hours.  A  ferro-silicon  furnace,  which  was  in  operation  for  a 
year  in  Norway,  using  Soderberg  electrodes,  had  a  consumption 
of  12  pounds  of  carbon  per  1,000  kw.  hours.  The  cost  of  the 
electrode  at  Anniston  during  August  has  been  4.12  cents  per 
pound  of  electrode,  covering  all  the  cost  and  the  license  for 
using  the  process.  As  only  one  furnace  is  running,  and  the 
mixing  apparatus  and  some  other  devices  which  are  put  in  are 
capable  of  serving  two  or  more  furnaces,  that  cost  will  prob- 
ably be  lower  when  the  electrode  is  used  on  more  than  one 
furnace.  The  cost  of  raw  materials  used  was  as  follows : 
Anthracite,  $18  per  ton;  coke,  $14  per  ton;  tar  and  pitch,  $25 
per  ton.  Efforts  have  been  made  to  adapt  the  electrode  to  the 
steel  furnace.  A  recent  cable  from  Norway  says  that  500  mm. 
(20  inch)  electrodes  have  been  used  fourteen  days  on  a  Heroult 
electric  furnace  at  the  Stavanger  Steel  Works;  they  propose  to 
put  in  two  others,  and  cancel  their  orders  for  baked  electrodes. 
I  think  it  is  probably  quite  practicable  to  apply  the  principle  to 
aluminium  production;  the  Norske  A/S.  for  Electrokemisk 
Industri  is  working  hard  at  their  research  plant  to  adapt  it  to 
that  use. 

F.  A.  J.  FitzGerald^  :  Professor  Richards  mentions  that  there 
were  lower  power  losses  in  the  electrodes ;  how  were  these  deter- 
mined?    If  the  power  losses  were  distinctly  lower  in  the  elec- 

•  FitzGerald   Laboratories,   Inc.,    Niagara   Falls,    N.    Y. 
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trodes  using  the  Soderberg  method,  there  should  have  been  a  con- 
siderable saving  in  power  consumption  in  the  plant;  that  is,  an 
increased  production  per  unit  of  power  used,  but  Professor  Rich- 
ards says  production  was  merely  up  to  the  standard.  Now,  if 
the  losses  of  power  did  not  occur  in  the  electrodes,  just  where 
did  they  occur?  Another  question:  have  measurements  of 
resistivity  been  made  of  these  electrodes  during  the  process  of 
baking?  They  are  of  course  presumably  fully  baked  down  at 
the  tip,  but  up  at  the  holders  they  are  not  so  fully  baked ;  have 
any  determinations  been  made  of  how  the  resistivity  changes? 
I  think  those  would  be  interesting  figures  if  Professor  Richards 
has  them. 

Robert  Turnbull^  :  As  a  large  consumer  of  electrodes,  I  am, 
of  course,  very  much  interested  in  this  subject,  and  I  think  that 
if  we  can  all  make  our  own  electrodes  we  will  get  away  from  the 
big  profiteers.  I  have  never  seen  the  Soderberg  electrode  except 
in  print,  and  as  shown  in  the  paper  which  Professor  Richards 
has  just  read  to  us.  In  the  latter,  however,  one  cannot  see  any- 
thing but  a  blur,  and  whether  it  is  an  electrode  or  not,  I  do  not 
know.  It  looks  like  one,  but  one  has  to  draw  on  the  imagination 
to  believe  it.  But  the  paper  Professor  Richards  has  just  read 
has  changed  somewhat  the  opinions  I  held  after  reading  his  first 
paper,  last  spring.  One  thing  I  noticed  in  that  paper,  if  I  may 
be  pardoned  for  going  back  to  it,  was  that  the  ferro-silicon 
furnace  cited  as  using  the  Soderberg  electrode  in  Sweden,  which 
is  single  phase,  used  11,000  kw.  hours  to  make  one  ton  of 
ferro-silicon.  Average  practice  in  this  country  at  the  present 
time  shows  that  only  from  5,500  to  6,000  kw.  hours  is  required 
to  make  one  ton  of  ferro-silicon ;  by  ferro-silicon  I  mean  the  50 
percent  grade,  which  I  suppose  was  meant  in  the  paper.  Where 
did  the  other  5,000  go?  Were  they  used  to  bake  the  electrode 
or  what  was  done  with  them?  I  suppose  the  furnace  was  oper- 
ated as  well  as  furnaces  are  in  this  country.  When  the  paper 
we  have  just  heard  came  into  my  possession,  I  started  a  trial  on 
some  electrodes  at  a  plant  at  Niagara  Falls  with  which  I  am 
connected,  using  electrodes  manufactured  in  this  country,  and 
we  found  the  consumption  of  electrode  to  be  11.6  lb.  per  1,000 

'  Managing  Director,  U.   S.  Ferro-AIloys  Corp.,  Niagara  Falls,  N.  Y. 
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kw.  hours.  Our  test  was  conducted  from  August  25th  until 
September  20th.  We  took  three  electrodes  and  put  them  one 
after  the  other  in  one  of  the  phases  of  a  three-phase  furnace. 
When  the  first  electrode  was  nine  inches  below  the  holder,  we 
took  the  date  and  hour,  and  when  the  last  electrode,  or  rather  the 
one  following  on  the  last  of  the  three,  was  nine  inches  below  the 
holder,  which  showed  that  the  three  electrodes  had  been  entirely 
consumed,  a  reading  was  taken  of  the  number  of  kw.  hours  used 
during  the  test,  and  this  gave  us  the  consumption  of  electrode 
to  each  1,000  kw.  hours.  This  method  of  measuring  the  con- 
sumption of  electrodes,  by  so  many  kw.  hours,  I  do  not  think 
quite  right,  as  a  great  deal  depends  on  the  method  of  operation, 
which  can  be  changed  to  produce  almost  any  given  result.  For 
instance,  a  ferro-silicon  furnace  operating  with  a  minimum  of 
carbon  in  the  charge  would  have  a  much  higher  electrode  con- 
sumption, because  the  electrode  would  work  low  down  in  the 
furnace  below  the  reducing  zone,  and  part  of  the  silica  and  other 
matter  would  be  reduced  by  the  electrode.  A  reverse  method  of 
operating  would  be  by  the  use  of  an  excess  of  carbon,  which 
would  keep  the  electrode  near  the  top  of  the  charge,  and  in 
such  a  case  the  electrode  consumption  is  lower.  The  latter 
is  the  best  method  of  operating.  What  I  would  consider  more 
reliable  data,  would  be  for  Professor  Richards  to  give  us  the 
pounds  of  electrode  consumed  per  ton  of  product.  I  can  give 
him  our  figures,  taken  from  the  test  we  made ;  they  were  sixty- 
five  pounds.  We  used  slightly  less  than  6,000  kw.  hours  to  the 
ton  of  ferro-silicon  throughout  the  test,  and  the  amount  of  elec- 
trode consumed,  to  use  Professor  Richards'  way  of  calculating, 
was  11.6  lb.  to  the  1,000  kw.  hours.  You  may  think  I  am 
knocking  this  thing,  but  having  had  such  a  long  experience  in 
electric  smelting  plants  I  am  somewhat  puzzled  to  understand  how, 
in  a  modern  plant,  equipped  with  the  best  of  modern  mechanical 
appliances  for  handling  raw  materials  to  furnace,  hot  metals,  etc., 
the  Soderberg  electrode  could  be  used  in  conjunction  with  this 
other  equipment.  In  our  plant  at  the  Falls  we  handle  everything 
by  overhead  cranes.  It  takes  five  minutes  to  slip  an  electrode  in 
the  holder,  and  I  do  not  think  this  can  be  considered  a  serious 
loss  of  time.     Also  I  would  like  to  say,  where  the  current  is  not 
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taken  off  when  slipping  the  electrode,  as  is  apparently  the  case 
with  the  Soderberg  electrode,  I  would  consider  such  practice 
dangerous,  as  unless  the  Soderberg  electrode  has  something 
mysterious  about  it,  there  is  always  the  possibility  of  the  elec- 
trode slipping  in  the  holder  and  dropping  to  the  bottom  of  the 
furnace,  in  which  case  a  tremendous  surge  would  follow,  and 
possibly  injure  electrical  apparatus.  Taken  altogether,  I  am  not 
sufficiently  convinced  of  the  claims  made  in  Professor  Richards' 
paper  on  the  Soderberg  electrode  to  induce  me  to  give  it  a  trial. 

F.  R.  Kemmer^  :  I  would  like  to  know  what  the  resistivity 
of  those  electrodes  is  and  how  it  has  been  measured? 

W.  S.  Landis'*  :  That  question  of  the  resistivity  of  these 
electrodes  bothered  me.  I  have  not  seen  one  in  operation,  but 
have  had  representatives,  both  abroad  and  in  this  country,  study 
the  working.  The  current  is  apparently  carried  by  the  sheet- 
iron  jacket,  so  it  does  not  matter  at  all  what  the  resistivity  of 
the  mix  is,  at  least  from  what  I  have  been  able  to  learn. 

F.  R.  Kemmer:  I  notice  there  is  a  very  low  current  density 
on  all  these  electrodes,  I  think  about  22  amperes  to  the  square 
inch.  I  would  like  to  ask  Professor  Richards  whether  higher 
current  densities  have  been  carried  on  this  electrode  than  22  ? 

F.  A.  J.  FitzGerald  :  In  reference  to  what  Air.  Landis  said, 
if  the  current  is  mainly  carried  by  the  sheet-iron  covering  of  the 
electrodes,  does  that  have  any  appreciable  effect  on  the  power 
factor  of  the  electric  circuit  ? 

W.  S.  Landis  :  While  I  believe  this  electrode  has  some  excel- 
lent possibilities,  it  was  most  unfortunate  for  its  development, 
that  the  first  installation  was  made  so  very  far  from  the  center 
of  electric  furnace  activity.  The  Anniston  installation  is  the  only 
real  large  furnace  plant  in  the  South  and  is  a  long  way  from 
our  Northern  activity.  Also  the  electric  furnace  for  the  pro- 
duction of  ferro-manganese  is  hardly  a  typical  example  of  general 
electric  furnace  practice,  for  the  furnace  operates  at  compara- 
tively low  temperature,  has  been  developed  satisfactorily  only  in 
small  units,  and  in  this  particular  case  where  custom  smelting 

*  Manager,  Republic  Carbon  Co.,  Niagara  Falls,  N.  Y. 
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has  been  practiced  is  subject  to  very  great  irregularity  in  opera- 
tion. As  a  result,  I  question  if  we  are  going  to  draw  much 
valuable  information  from  this  Anniston  installation.  I  believe 
the  possibilities  of  the  electrode  would  have  been  better  developed 
had  it  been  placed  in  some  other  class  of  electric  furnace,  and 
particularly  one  of  somewhat  larger  power  consumption. 

J,  W.  Richards  :  Answering  Mr.  FitzGerald's  question,  I  think 
the  lower  power  losses  in  the  electrode  as  determined,  at  least, 
down  at  Anniston,  were  due  to  the  fact  that  the  holder  is  very 
close  down  to  the  furnace  on  these  new  electrodes,  and  was  on 
top  of  the  electrodes  before,  so  that  there  is  less  loss  in  the  elec- 
trode. I  was  told  that  the  power  factor,  as  far  as  they  could 
determine  it,  was  slightly  improved.  The  current  density  used 
was  figured  out  to  be  exactly  the  same  as  they  had  been  using 
on  the  other  solid  electrodes ;  exactly  the  same  cross-sectional 
area  in  square  inches  was  given  to  these  three  electrodes  as  was 
previously  given  to  the  square  electrodes.  The  resistivity  of  the 
baked  material  averages  the  same  as  the  ordinary  baked  elec- 
trode. Its  appearance  and  ring  is  that  of  a  first-quality  baked 
material.  It  is  true  that  the  material  does  not  bake  until  it  is 
close  down  to  the  holder;  a  little  way  above  the  holder  you  can 
put  an  iron  rod  through  the  electrode,  showing  it  is  compara- 
tively soft.  The  baking  is  almost  all  from  the  upper  end  of  the 
holder  down  to  the  working  end  of  the  electrode.  The  current  is 
carried  from  the  holder  to  the  iron  casing  and  from  that  to  the 
baked  part  of  the  electrode  below  the  holder,  and  thence  into 
the  furnace.  The  consumption  of  carbon  per  ton  of  product  is 
not  put  in  the  paper  for  this  reason,  that  the  manganese  ore 
used  was  a  very  rich  ore  and  the  consumption  of  carbon  per  ton 
of  ferro-manganese  was  so  low  that  it  looked  abnormal.  Another 
reason,  the  Southern  Manganese  Corporation  said  it  was  part  of 
their  business  matters  and  they  did  not  want  it  published.  The 
slipping  of  the  electrode  with  the  current  on  has  been  success- 
fully done  for  a  year  on  the  Norwegian  ferro-silicon  furnace. 
In  the  furnace  down  at  Anniston  they  worked  it  successfully  for 
about  six  weeks,  but  when  attempting  once  to  teach  the  other  men 
around  there  how  to  do  it  themselves,  the   men  loosened   the 
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screws  a  little  too  far,  and  they  had  one  slip  of  the  electrode  into 
the  furnace. 

Regarding  power  consumption  per  unit  of  ferro  made.  I  am 
sure  that  this  is  not  afifected  unfavorably  by  the  Soderberg  elec- 
trodes, but  rather,  favorably.  The  ferro-silicon  furnace  in  Nor- 
way was  of  an  old  type  and  not  supplied  with  the  proper  amount 
of  current  to  work  at  high  efficiency.  In  my  opinion,  other  factors 
being  alike,  the  furnace  using  Soderberg  electrodes  will  work  with 
lower  power  consumption  per  unit  of  product  than  when  using 
baked  electrodes  of  the  usual  kind. 

My  own  impression  of  the  furnace  electrode  situation  is  that 
this  system  of  continuous  self-baking  electrodes  is  going  to  be 
applied  wherever  it  is  possible  to  put  it  in.  It  will  accomplish, 
I  think,  a  saving  of  about  half  of  the  present  cost  of  using  baked 
electrodes.  As  far  as  steel  furnaces  are  concerned,  that  is  going 
to  be  a  very  large  field ;  while  I  have  not  the  details  of  how  this 
installation  was  made  at  Stavanger,  the  way  in  which  they  were 
talking  about  making  it  was  to  use  short  electrodes,  not  much 
longer  than  the  present  ones,  and  when  the  electrode  became  so 
short  that  it  was  down  in  the  holder,  lift  it  out,  put  it  in  a  sand- 
box to  keep  it  from  burning,  and  there  weld  on  the  extra  casing 
and  tamp  in  the  extra  length  of  electrode,  meanwhile  replacing 
it  at  once  by  a  longer  electrode.  In  that  way  it  would  do  away 
with  all  overhead  construction,  and  the  electrodes  would  be  simply 
replaced  by  others  as  they  were  consumed.  If  it  works  that  way, 
the  system  will  be  applicable  at  once  to  electric  steel  furnaces 
and  several  other  types  of  furnaces. 


A  paper  presented  at  the  Thirty-eighth  Gen- 
General  Meeting  of  the  American  Elec- 
trochemical Society,  held  in  Boston,  April 
10,  1920.  President  Bancroft  in  the  Chair. 
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The  following  pages  contain  a  list  of  magazine  references 
on  the  construction  and  operation  of  the  electric  furnace  as 
applied  to  the  metallurgy  of  iron  and  steel  and  the  non-ferrous 
metals.  An  attempt  has  been  made  to  include  all  the  import- 
ant references  since  1900,  at  which  time  the  electric  furnace 
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enable  the  reader  to  eliminate  many  of  the  references  here 
given  as  unsuitable  for  his  particular  needs. 

Criticism  of  the  arrangement  of  this  work  is  cordially 
invited,  since  we  desire  to  make  such  studies  of  the  greatest 
value  to  all  interested. 
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